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r c
EXECUTIVE SUMMARY

c

The PCB aninal toxicity l i terature documents that acute exposures to PCBs pro-

duce relatively unremarkable acute toxic responses. Uti l izat ion of stan-

dardized criteria results in PCBs acute toxicity being classified as only

slightly toxic to non-toxic (Table 5). This ranking is based in part on the

fact that doses required to produce short term harmful e f f ec t s in sone test

species are so high that a dose predicted to produce similar effects in a man

would exceed 1 quart. However, as is often the case with many other halogen-

ated organic chemicals, additional concern is justifiable because of ubiqui-

tous distribution (Table 4) and potential to cause long-tern effects with

fractions of the individual doses necessary to produce acute exposure. The

disproportionate concern with long-term low—level exposures is primarily due

to biological and ecological persistence and accumulation in the body fa t .

The primary human health and environmental concerns relate to long-term, low

level exposures. The total spectrum of animal and human toxic responses must be

considered and related to anticipated human exposure before the extent of haz-

ards associated with any given exposure to PCBs can be estimated or documented.

All available data on the toxicity of PCBs to animals have been reviewed and

compared with carefully documented cases of human exposure. A pattern of com-

patable, comparative toxicity emerges. Mutual expression of most human and

animal responses enhances the relevance of comparative toxicological conclusions

and generalizations which are necessary before extrapolating from past experi-

ence to possible hazards or margins of safety associated with fu tu re exposure to



PCBs. The following paragraphs briefly summarize the data reviewed and those

^ components of the data emphasized in the eventual estimation of the hazard posed

by exposure to PCBs.

The effects of PCBs can include acneform lesions, hair loss, a lowered immune

response, liver damage and death (Table 7). The severity of the observed re-

sponses is not unusual or inconsistent with toxic doses of most chemicals and

unremarkable when compared to many useful chemicals or drugs.

PCBs yield negative mutagenic results in the Ames Test (measure of mutagenic po-

tential at the gene level) and the dominant lethal test (test for heritable dam-

age leading to embryotoxicity and birth defects), and are not clastogenic

(gross, morphological damage to chromosomes) to blood or sperm cells of rats or

cultured human blood cells. PCBs must be assumed to be nonmutagenic.

C
PCBs have produced embryotoxicity and spontaneous abortions only at doses clear-

ly producing maternal toxicity and are no more toxic to the fetus than most

chemicals when given at toxic doses to the maternal animal. PCBs can induce fe-

tal liver microsomal enzymes. PCBs produce minimal changes in newborns and

are much less toxic than some common vitamins and hormones.
-_••

The carcinogenic potential of PCBs is debatable because one test result is incon-

sistent and contradictory with all others (Table 8). Results in the female rats

in one of the many studies reported was interpreted as associating an increase

in liver cancer with PCS treatment. Two other chronic tests in the same

species, the rat, as well as tests in the mouse, did not reveal a statistical,

significant increase in liver cancer with PCB treatment. The most recent test,

O



performed by the National Cancer Institute, did not demonstrate that PCBs pro-

f duce cancer in the rat. The results of all chronic tests are compatible only if

the assumption is made that the females of the Sherman rat strain are unusually

susceptible to a single PCS (Aroclor 1260). A sex-specific sensitivity is docu-

mented, since only the females and not the males of the Sherraan rat strain de-

veloped liver cancer; therefore, the females of this strain of rat must be more

susceptible than the males. In addition, a strain difference exists because, in

addition to the male Shermans, both sexes of two other strains of rat did not de-

velop liver cancer as a result of exposure to PCBs. A species difference is doc-

umented, since neither sex of several strains of mice produce positive results.
•'*"•*,

A compound-specific sensitivity may also exist in rats, since only the most com-

pletely chlorinated PCS (Aroclor 1260) tested produced liver cancer, while the

less chlorinated PCB (Aroclor 1254) did not in either sex. It should be noted

that the FCBs that were interpreted to induce liver cancer in the Sherman strain

/" rat were likely contaminated with unknown amounts of the highly toxic chlorinat-

ed dibenzofurans. The possibility that polychlorinated dibenzofurans influ-

enced the only positive test cannot be ignored. Finally, it must be emphasized

that the criteria utilized in diagnosing the cancer in the female Sherman rats

is controversial.

~" Human data reveal that PCBs produce unremarkable toxic effects. A mass poi-

soning episode in Yusho, Japan produced chloracne, excessive discharge from the

eyes, irregular menstruation, and high blood triglyceride levels but no evidence

of substantial liver damage (Table 7). The PCB at Yusho contained exceptionally

high levels of polychlorinated dibenzofurans. Studies over the last decade of

workers occupationally exposed to PCBs provide evidence of minimal toxicity,

*- primarily skin problems, and occasional minimal changes in liver function.
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There are no data substantiating an excess cancer risk after 50 years of PC3

Q use. However, the question of PCBs ' carcinogenic potential in humans will re-

main a theoretical possibility for some time because the latency period at low

levels could approach man's normal lifespan. The largest study to date, with

2,500 employees from two capacitor factories, did not demonstrate any causal re-

lationship between exposure to PCBs and any excess cancer.

A thoughtful evaluation of the hazard potential of PCBs must review, analyze,

and relate all the relevant evidence available. Almost all residents of indus-

trialized countries contain detectable levels of PCBs in their bodies and se-
-••-_

veral ppm have been consistently measured in the body fat of "normal" people.

Measurements of blood PCB levels in "normal" workers in PCB manufacturing plants

reveal that blood levels may be hundreds to thousands of times higher than the

average population. Thus, it appears that small doses of PCBs obtained from

f our environment and food supply are generally tolerated. The toxicological da-

ta indicate that concern for hazard at high levels of exposures to PCBs should

be no greater and often less than for many other common industrial chemicals.

PCBs were once a useful chemical in our society. Uncontrolled waste disposal

~^ practices resulted in human exposures and environment a 1 contamination. Since

PCBs were widely dispersed and are persistent, they became ubiquitous in our en-

vironment. Concern over adverse health effects are largely due to the possi-

blility of long-term exposure to PCBs. Drastic regulatory measures were

considered necessary in 1977 due to the then existing enormous scientific uncer-

tainty surrounding health effects. Compounding this uncertainty is the effect

that all PCBs do not present the same hazard because they are different com-

pounds (Table 1). The toxicity of PCBs varies greatly with the degree of chlo-

(3



rination and extent of contamination with polychloro dibenzofurans. Analysis of

T the toxicological literature leads to conclusions that support the view that

PCBs have not been demonstrated to be hazardous under most conditions of expo-

sure to the public and that intermittent, miniscule exposures are not likely to

lead to disasterous consequences.

c



1. PHYSICAL - CHEMICAL PROPERTIES

r
Polychlorinated biphenyls (PCBs) are formed by chlorinating any one of ten

available carbon atoms of the biphenyl molecule (see Figure 1). In the comraer-

r.ial synthesis of PCBs, the biphenyl molecule is chlorinated with anyhydrous

.-.nlorine using either ferris chloride or iron fillings as a catalyst (Hutzinger

ct al. 1974). The chlorination of the biphenyl structure cannot be controlled

--.crictly enough to generate only two pure, stereochemically homologous

oroducts. Thus, the commercial preparations of PCBs are actually mixtures of

chlorinated biphenyls with varying chlorine content and chlorine position.

Since there are 10 available carbons to chlorinate on the biphenyl molecule,

there are a possible 209 different PCB isomers that can be generated, as seen in

Table 1. An estimated 40-70 different chlorinated biphenyl compounds can be

present in each of the higher chlorinated commercial mixtures. For example, Ar-

f oclor 1254 contains 69 different molecules that differ in the number and posi-

tion of chlorine atoms. A scheme was developed to identify specific PCB isomers

from the many possible choices. The lowest possible numbers are always assigned

and the prime numbers are always given to the chlorines on the phenyl ring con-

taining the fewest chlorine atoms (see Figure 1). About half of the 209 possi-

"-' bie chlorobiphenyls do not occur in any commercial preparations, and the

majority of those compounds are those in which only one ring is completely or

predominantly chlorinated (Hutzinger et al. 1974, NIOSH 1977). For example,

there are no penta-, hexa-, or heptachlorobiphenyl isomers in which one ring is

fully chlorinated, nor are there penta or hexachloro derivatives containing four

chlorine atoms on one ring.

PCBs have unique physical and chemical properties that have made them useful and

C



f (
applicable to. many commercial needs. These properties include thermal

l^ stability; resistance to oxidation by acids, bases, and other chemical agents;

excellent electrical insulation; fire resistance; and low volatility. A partial

list of some pertinent chemical properties has been provided for a few PCB mix-

tures in Table 2.

2. PRODUCTION AND USES

The synthesis of PCBs has been known for over 100 years. It was first prepared

in 1867 by Griefs, who heated biphenylbis (diazonium) platinum chloride with so-

.....-•' dium carbonate (IARC 1978). PCBs were first produced in 1929 by the Swann Chem-

ical Company, which was then purchased in 1935 by the Monsanto Company (Monsanto

1979). By 1964, there were at least six U.S. companies with registered trade-

marks for commercial brands of PCBs (IARC 1978). Commercial PCB products have

( also been produced by Great Britain, Japan, Germany, France, Italy, Spain, Cze-

choslovakia, Poland, the USSR, India, Brazil and Argentina (NIOSH 1977, IARC

1978). It has been estimated that over 1 billion pounds of PCBs were sold in

North America alone (IARC 1978, Monsanto 1979) and they have been in use in al-

most every industrialized nation of the world.

~" The physical properties of PCBs (as mentioned above) were applicable to many in-

dustrial situations and prompted their use in many commercial areas (see Table

3). Because of their resistance to fire and breakdown by heat combined with

their electrical insulating capabilities, they found numerous uses in the elec-

trical industry primarily in capacitors and transformers. They were also found

to be useful as lubricants, heat transfer liquids, and hydraulic fluids. Unfor-

tunately, they were also utilized for many "open" applications where their emis-



sions into the environment could not be controlled. Such uses included combina-

(^ tions with plasticizers, inks, surface coatings for wood and cement surfaces,

adhesives, pesticide formulations as an extender, carbonless duplicating paper

and immersion oils for microscopes (IARC 1978, Monsanto 1979). Decachlorobiphe-

nyl was also imported from Italy into the United States for use as a filler for

investment casting waxes.

Because of concern generated in the late 1960's concerning the environmental

persistence of PCBs, production of PCBs began to be phased out in the U.S. in the

early 1970's. In 1971, the sale of PCBs was voluntarily limited to closed sys-

tem uses by the sole manufacturer at that time, and production was later com-

pletely discontinued in 1977.

It is important to note that, even with the cessation of PCB production per se,

/ other environmental sources of PCB may exist. Fcr example, it has been reported

that some PCBs are products of DOT photolysis (Plimmer and Kligebeil 1973) and

Uyeta et at. (1976) reported the photoformation of PCBs from the sunlight irra-

diation of mono-, di-, tri-, tetra-, and hexachlorobenzines. Besides these

sources of PCBs, Gaffney (1977) reported the formation of various mono-, di-,

" and trichloro-biphenyls resulting from the final chlorination of municipal

wastes containing biphenyl. Laboratory chlorination of influent and effluent

from a municipal waste treatment facility also resulted in the formation of

these and other chloroorganic substances such as di- and trichlorobenzenes.



3. OCCURRENCE

C
PCBs were first recognized to be an environmental contaminant in 1966. In the

next few years, PCBs were identified in the environment worldwide and found to
•

have become a trace contaminant even in those people not occupationally exposed

to them. Since the environmental occurrence of PCBs has been discussed exten-

sively in several articles (Peakall 1975, NIOSH 1977, IARC 1978, Wasserman et

al., 1979, EPA 1980) the following summary paragraphs will only include a few

examples that illustra'te the ubiquitous nature of the PC3 contamination problem.

For example, PCBs have been found in:

3.1. Air. A Japanese survey reported the the concentration of PCBs in urban air

range from 0.002 - 0.02 wg/raj. A 1975 report on three American cities (Fort Col-

lins, Colorado; Jackson, Mississippi; and Miami, Florida) revealed that the av-

C arage concentration of PCBs in air was 0.1 ug/m1. To put these data into

perspective, the current government standard for workroom air is only 0.1 vg/m1.

It was estimated in 1975 that approximately 2 million pounds of PCBs are depos-

ited and redistributed in the U.S. yearly as rain and particulate matter.

3.2. Water. It has been estimated that the waters of Lake Michigan contain 10

"-' ng/1 of PCBs, while the average concentration measured in seawater from the Med-

iterranean was 13 ng/1. PCBs in the Hudson River have been measured as high as

2.8 mg/1 in the water and 6700 mg/kg in the sediments. Municipal water supplies

have been contaminated with up to 20 ug/1 of PCEs from paint contaminated with

in excess of 1".



3.3. Soils. A survey in 1972 revealed that while only O.ITi of the samples taken

C from agricultural areas contained detectable amounts of PC3s, 63% of similar

samples from metropolitan areas had measurable levels.

3.4. Marine Organisms. PCBs have been identified in almost all plants and ani-

mals in the Atlantic Ocean. Residues in plankton have been found as high as

1.5 ppm, in mussels of 1.70 ppm, in shrimp of 7.0 ppm, in gray seals of 14.5

ppm, and in whales and dolphins, levels up to 147.0 ppjn have been recorded.

3.5. Fish and Other Aquatic Organisms. Fish can bioaccumulate PCBs in the

range of tens of thousands to several hundred thousands of times greater than

the concentration of PCBs in water. Thus, it is not surprising to find reports

where fish from eastern rivers of the United States have had PCBs as high as 140

ppm in their flesh or fish from the Great Lakes have at one time contained levels

f ranging from 2.7 - 26.0 ppm. Sardines taken from the Mediterranean have had 0.7

- 4.7 ppm, while sardines from other areas such as the Atlantic coast, Adriatic

Sea, France and Tokyo Bay had 0.3 - 0.4, 0.3 - 1.06, 0.7 - 5.1 and 1.0 - 11.0

ppm, respectively.

3.6. Birds. The highest concentrations of PCBs for any species are probably

those found in birds. Birds are often at the top of food chains and therefore

the most often affected by chemicals that can be bioconcentrated. Residues re-

ported in carnivorous, hunting species are as follows: 14,000 ppm in white

tailed eagles, 2,000 ppm in peregrin falcons, and 900 ppm in herons. Liver con-

centrations in gannets of England ranged from 4,720 - 9,590 ppm. Reduction of

avian populations by PCBs has been feared because of the excessively high resi-

dues measured and the fact that they may affect reproduction by altering the

*

10



eggs themselves., causing neurological changes reducing fitness and defense, and

decreasing the immunologic defense against infectious diseases. PC3s have been

found in bird eggs at concentrations as high as several thousand ppm, although

they are more often reported in Che 10-100 ppm range.

3.7. Man. Studies have shown that man is exposed to PCBs through the environ-

ment because they have been found in the fat or blood of persons not occupa-

tionally exposed. Jelinek and Corneliussen (1976) calculated the daily intake

of PCBs in the diet of a teenage male at 8-15 yg/day for 1971-1975. Fat concen-

trations of the "normal" population can be several ppm with blood levels in the

ppb range. PCB levels are usually higher in the male population, and measurable

levels of PCBs have been reported in people from the U.S., England, Norway, Fin-

land, Netherland, France, Germany and Japan. Thus, it can be concluded that hu-

man PCB contamination from our environment is a worldwide phenomenon.

3.8. Food. Possibly the major source of human exposure to PCBs has been our

food. Food may become contaminated in many ways including residues of pesticide

formations containing PCBs, migration from packaging made from recycled paper,

rainfall and particulate fallout onto crops, and, of course, from fish and meat

grown in contaminated areas. The extent of PCB contamination of food has been

monitored by the FDA and USDA since 1969. The results of some of the monitoring

is presented in Table 4. Current FDA tolerance levels are reported in Table 5.

The presence of PCBs in food declined over the years and this decrease corre-

lates with the decline in its industrial use for this period.

3.9. Summary of Occurrence. There has been a sharp curtailment of PCB pro-

duction and dispersive use applications from a record high of 70 trillion Ibs in



1969. It is believed that it will take many years for ecosystems such as Lake

( Michigan to be cleaned of the PCBs even if no new input is made. Due to high ad-

sorption coefficient and resistance to degradation, the PCBs have accumulated in

quantity in bottom sediments. The final environmental sink for PCBs is pre-

dicted to be degradation in the atmosphere and sequestration by irreversible

binding to metabolically stagnant sediments of lakes (Neeley 1977).

4. ANIMAL STUDIES

4.1. Pharmacokinetics and Metabolism. It is generally acknowledged that the

toxicological assessment of commercially available PCBs has been complicated by

the heterogeneity of the chlorobiphenyl mixtures . Marked differences exist in

the physical and chemical properties of each specific chlorobiphenyl that may

influence the rates of absorption, distribution, biotransfonnation and excre-

( tion.

According to the scheme of Matthews and Kato (1979), PCBs are a Type III class,

of halogenated aromatic hydrocarbons. As members of this class, one correctly

predicts that PCBs would be quite non-polar, readily absorbed orally, and slowly

~~ metabolized. PCBs are almost completely absorbed by the gut, having a 92 -

98.9% efficiency of oral absorption in the rat which is largely independent of

the degree of chlorination for the dosage range of 5 - 100 mg/kg (Albro and Fish-

bein 1972). In another study in rats by Matthews and Anderson (1975), it was

found that PCBs are taken up from the blood initially by the liver (high perfu-

sion and affinity) and muscle (large percent of the total body mass). PCBs then

redistribute to the skin and adipose tissue (highest affinity, low perfusion)

such that the tissue concentrations ultimately equilibrate in the following or-

12



der: adipose tissue > skin > liver > muscle (Matthews and Anderson 1975, Lutz et

( • al. 1977).

The absorption and the distribution patterns of the various chlorinated biphe-

nyls are similar, but metabolism is not. Studies have shown that the monochloro

and dichloro biphenyl compounds are extensively metabolized, but that increas-

ing the chlorination decreases the extent of metabolism (Matthews and Anderson

1975). For example, in the rat the monochlorobiphenyl is metabolized 5 times

faster than the dichlorobiphenyl, 25 times faster than pentachlorobiphenyl, and

200 times faster than hexachlbrobiphenyl (Lutz et al. 1977). Thus, while the

mono and dichlorobiphenyls are extensively metabolized and excreted within

days, it was calculated that less than 20* of a single 0.6 mg/kg dose of 2, 21,

4. 4', 5, 5' hexachlorobiphenyl would be eliminated during the lifetime of the

animal (Matthews and Anderson 1975). The extent of chlorination and the posi-

f tion of the chlorine atoms on the biphenyl ring both significantly alter the

rate of metabolism. Studies in mice and rats indicate that the hydroxylation

rate increases with the relative availability of adjacent unsubstituted carbon

atoms (Tuhey and Matthews 1977, Mitzutani et al. 1977). For example, in mice

the tetrachlorobiphenyls are metabolized at rates such that the accumulation of

PCB is 2, 2', 3, 3'=3, 3', 4, 4'<2, 2', 5, 5'<2, 2', 4, 4f<3, 3', 5, 5'. When me-

— tabolism of the mice was increased by induction with phenobarbital, the order

for accumulation was essentially the same with 2, 2', 5, 5'<2, 2', 4, 4'<3, 3',

5. 5" leaving the authors to conclude that this reflected the recalcitrancy of

the particular chlorinated biphenyl to be metabolized (Mitzutani et al. 1977).

Similar evidence has been provided in rat studies where adding chlorines at the

4 and 4' positions, thereby eliminating the unsubstituted vicinal carbons of 2,

13



2' , 5, 5* tetrachlorobiphenyl, dramatically lowered the rate of metabolism (Mat-

\ thews and Anderson 1975, Tuhey and Matthews 1977).

The ability of PCBs to induce hepatic enzymes and thereby increase metabolism

has been well documented (Litterst and Van Loon 1972, Litterst et al. 1972, Tes-

ta and Jenner 1976, Ecobichon and Comeau 1975, Johnstone et al. 1974 and Gold-

stein et al. 1977). PCBs are very effective inducing agents whose potency on a

molar basis far exceeds that of phenobarbital or DOT and are capable of causing

a IQQ% increase in cytochrome P-450 at the relatively low dose of 5 mg/kg (Lit-

terst and Van Loon 1972). However, the position and degree of chlorination on

the biphenyl nucleus still plays an important role in the effects elicited.

Ecobichon and Comeau (1975) found that to enhance oxidative metabolism, chlori-

nation at the 4 or 4' position was required. They and others have also reported

that increased chlorination increases the amount of induction seen (Litterst et

< al. 1972, Johnstone et al. 1974 and Goldstein et al. 1974). Goldstein and co-

workers (1974) demonstrated that while PCS mixtures can induce both cytochrome

P-450 and cytochrome P-448, cytochrome P-450 is always induced by isomers in

which chlorines are present at the ortho and para positions regardless of the

extent of chlorination, while symmetrically chlorinated biphenyl isomers with

chlorines in the meta and para positions only induce cyctochrome P-448.

The metabolism of PCBs is also of interest because of its possible relationship

to the compound's toxicity. The formation of an arene oxide during the hydroxy-

lation of PCBs has been suggested from studies demonstrating dihydrodiol meta-

bolites and NIH shifts in deuterium and chlorine atoms placed at the para

position (Matthews et al., 1978, Daly et al., 1972). Arene oxides of certain

polyaromatic hydrocarbons (PAH) are known to bind to nucleic acids and it has

14



been postulated that the interaction of these reactive molecules with nucleo-

<.. philic sites of DMA and other macromolecules leads to the induction of tumors.

Thus, it has been hypothesized that arene oxide formation of PCBs may also lead

to alkylation of critical cellular sites thereby inducing cancer (IARC 1978, EPA

1980, Alien and Norbeck 1973). However, there are several differences between

PCBs and PAHs that should also be considered when suggesting such a mechanism.

For example, while there is a good correlation between the mutagenicity of PAHs

in the Ames assay and their carcinogenicity in rodents, such is not the case for

PCBs. Only monochlorobiphenyl is positive in the Ames assay, while the poly-

chlorinated biphenyls were not (Wyndham et at. 1976). Here it appears that the

decreased metabolism with increased chlorination would reduce the likelihood of
.»»<r

formation of a reactive metabolite necessary for interacting with the DNA.

Therefore, the reduction of metabolism and lack of mutagenicity associated with

increased chlorination of the biphenyl ring is in direct opposition to the pro-

f > position that an arene oxide intermediate, capable of genotoxicity, is responsi-

ble for the tumorogenic effects of highly chlorinated biphenyls. It should be

noted that phenathrene, which is probably the PAH most closely related to biphe-

nyl by structure, is not mutagenic in the Ames assay (McCann et al. 1975) and

does not induce tumors in newborn mice, nor does the epoxide of phenanthrene

(Grover et al. 1975). On the basis of structure activity, relationships of

"~* PAHs, it would seem more prudent to predict that PCBs would be more likely to act
*

like the noncarcinogen phenanthrene than the carcinogen benzanthracene. More

recently, it has also been suggested that the actual ultimate carcinogen among

the PAHs is a dihydrodiol-epoxide metabolite which is much more mutagenic and

carcinogenic than the parent compound (Kapitulnik et al. 1977). Since epoxide

formation becomes less likely with increased chlorination of the biphenyl nucle-

us, it would seem that formation of dihydrodiol epoxide intermediates are un-
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likely to correlate with either observed tumorogenicity. Another feature of PCB

(~ metabolism that should be considered when postulating potential mechanisms for

cancer induction is the species differences in the rate of metabolism. Based

upon the formation of reactive metabolites leading to tumor induction, it may be

possible to induce cancer in rodents but much less likely to do so in primates or

man. This stems from the finding that rats metabolize and eliminate 76% of a

dose of PCBs in 3 days while primates eliminate only 2% of the same dosage for

the same interval (Van Miller et al. 1975). Thus, not only would mutational

events leading to cancer be less likely to occur in primates, but DNA repair me-

chanisms would also be much more likely to prevent the permanence of any muta-

tional event.

4.2. Acute £• Subchronic Toxicity. Several reviews of the mammalian toxicity of

PC3s have appeared in the last decade (Fishbein 1974, Kimbrough 1974, Peakall

/• 1975, NIOSH 1977, IARC 1978, EPA 1980). Therefore, an exhaustive review of the

literature will not be offered here. A summary of the pertinent acute side ef-

fects of PCBs in animals follows.

LD.'s are large for most species tested. In rats, the acute lethal dose ranges

from 4,000 mg/kg - 16,000 mg/kg and increases with the chlorine content of the

mixture tested (Fishbein 1974). The acute toxicity of PCBs may be classified as

slightly toxic to non-toxic as described in Tables 5 and 6 (Doull et al. 1980).

Skin disorders similar to those seen in humans have been observed in monkeys,

where facial edemas, hair loss and acne occur at oral doses of 250-400 mg (Alien

et al. 1974). PCBs applied directly to the skin of rabbits induce hyperkerato-

sis, erethyma, blisters and desquamation (IARC 1978).



Endocrine effects are another change elicited by PCEs. Estrogenic activity,

( which is possibly related to effects on steroid metabolism, has been reported in

rats (Higuchi 1976). In primates, PCS exposure results in prolonged menstrual

cycles and increased bleeding (Barsotti et al., 1976).

Other symptoms reported in various species include: gastric hyperplasia, thyraic

atrophy, decreases in red blood cells and lymphocytes, splenic atrophy, and an

increase in the serum level of triglycerides, cholesterol and phospholipids (for

review see NIOSH 1977, IARC 1978, Higuchi 1976 and EPA 1980).

4.3. PCB Contaminants. No discussion of the toxicity of the polychlorinated

biphenyls can be complete without stressing the possible role of trace contam-

inants of PCBs, e.g., the polychlorinated dibenzofurans. For example, embryo-

toxicity of the PCBs has been attributed to chlorinated dibenzofurans present as

f trace contaminants in the commercial preparations. Subsequently, tetra-,

penta-, and hexachlorodibenzofurans were detected in a number of American prepa-

rations of PCBs (e.g., Aroclor 1248, 1254, 1260). Concentrations of the indi-

vidual polychlorodibenzofurans were in the order of 0.1 mg/kg of the PCB.

Chlorinated dibenzofurans have been considered as possible causes of embryonic

mortality and birth defects observed in PCB-feeding experiments in birds. The

polychlorinated dibenzofurans are structurally related to the chlorinated di-

benzo-p-dioxin, some of which are highly toxic, teratogenic and carcinogenic.

A number of possibilities exist to account for the presence of polychlorodi-

benzofurans in commercial PCB mixtures. One explanation considers the presence

of the parent compound (dibenzofuran) in the technical grade biphenyl subjected
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to the chlorination process. It is also conceivable that polychlorinated diben-

( zofurans may be produced from PCBs in the environment.

It should be stressed that the transformation of only 0.002* of a major constit-

uent of an Aroclor mixture to the corresponding chlorinated dibenzofurans would

produce concentrations in the mixture corresponding to the values reported by

Vos et al . (1970) as toxicologically significant.

5. MUTAGENICITY

The Ames assay utilizes Salmonella typhimurium to detect reverse point mutation

at the histidine locus. Only monochlorobiphenyls have demonstrated any activity

in the Ames 1538 tester strain. In this same study, the polychlorinated biphe-

nyls such as 2, 21, 5, 51 tetrachlorobiphenyl, 1254 and 1260 were negative

/ (Wyndham et al . 1976; Safe, EPA 1980).

Green et al. (1975a) have demonstrated that PCBs do not cause significant clas-

togenic effects in bone marrow or sperm cells of the rat even at high doses. Ar-

oclor 1242 was given at a single dose of 1250 - 5000 mg/kg and at 500 mg/kg for

— -• four days (a regimen causing the condition of the animals to deteriorate), while

Aroclor 1254 was given at doses of 75 - 300 mg/kg for five days. These findings

are consistent with the lack of chromosomal aberrations observed in human lyn-

phocyte cultures with doses of 100 mg/kg Aroclor 1254 (Hoopingarner et al.

1972).

The possible mutagenicity of PCBs has been studied by Green et al. (1975b), us-

ing the dominant lethal test. There was no statistically significant increase



in the number of dead implants, again at high dosages of Aroclor- 1242 and 1254.

V Keplinger et al. (1971) also employed the dominant lethal assay and reported no

evidence of mutagenic effects for the Aroclors. Polychlorinated biphenyls do

not have significant mutagenic potential.

6. REPRODUCTION

Studies in various species indicate that PCBs do not affect conceptual rates in

animals. Calandra (1976) studied the effects of Aroclor 1254 and 1260 in rats

through three generations. In the first generation of offspring, he found no

changes related to treatment in the mating index, in the second generation he

found reduction, and in the third generation he found results similar to those

of the first generation. Calandra concluded that there was no suggestion of any

alteration in response in succeeding generations. Similarly, Linder et al.

f (1974) found no effect on reproduction in Sherman strain rats exposed through

two generations at dietary levels of 5 ppm. Exposure of rats to 50 mg/kg/day of

Aroclor 1254 or 100 mg/kg/day of Aroclor 1260 also did not affect reproduction

(Linder 1974). In the rabbit, Villeneuve et al. (1971) found no decrease in the

number of pregnancies in animals fed 0.1 or 1.0 mg/kg body weight of either Ar-

oclor 1221 or 1254. Finally, female rhesus monkevs given Aroclor 1248 at 2.5 or

5.0 ppm in their diet and bred to untreated males had normal conception rates

(Barsotti et al. 1976).

Other indices of reproductive toxicity were similary unchanged by PCBs. Calan-

dra (1976) noted that neither of the reproductive tracts of male nor female rats

were affected following exposure to PCBs. Dikshith et al. (1975) reported that

Aroclor 1254 produced no histopathological changes in the testes or epididymis,
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nor did this Aroclor 1254 cause significant chromosomal damage or arrest sperraa-

( togenesis in the male rat. Animal studies indicate that there is little reproduc-

tive risk associated with exposure to PCBs, a finding which agrees with the lack

of reported fertility problems in humans after exposure or consumption of PCBs.

7. BIRTH DEFECTS

Aroclor 1242, 1254, or 1260, at doses up to 30 mg/kg administered to rats during

the organogenic period of gestation, did not produce excess embryotoxicity or

morphological defects (Calandra 1976). Other experimental evidence documents

the lack of adverse effects of PCBs on either embryo or fetal development. Lin-

der et al . , (1974) reported that administration of Aroclor 1254 to pregnant rats

at 100 mg/kg/ day on gestational days 7-15 did not produce any grossly abnormal

offspring. Although only 30* of the offspring of mothers exposed to 100

f mg/kg/ day survived until weaning, greater than 20% of the treated mothers died

prior to delivery. The 20% maternal mortality produced by the treatment sug-

gests overt maternal toxicity contributes to neonatal mortality. The increase

in liver weights noted among these offspring was sporadic and not dose related,

which minimizes the likelihood that the increased liver weight reported was a

_,. specific PCB-induced effect. In other studies, Aroclor 1254 administered during

gestation again resulted in no fetal morphological abnormalities or reduction in

viability (Villeneuve et al. 1975). PCBs also did noc induce terata in pups

born of dams fed the equivalent of 12 ppm in the diet or in piglets of sows fed

the equivalent of 50 ppm in the diet. However, increasing these consumptions by

4 to 30 times apparently results in some form of terata (NIOSH 1977). These data

cannot be properly evaluated since they have not been published. Doses of PCBs

. up to 500 mg/kg were not teratogenic in mice when given on gestational days 1
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comparative pathology of lesions produced in the liver of rodents by chronic PCB

administration.

8.1. What Mechanisms Provide for the Expression of Carcinogenicity or Onco-

genicity? For the purpose of our discussion and, as opposed to NCI suggestions

for classification (which are discussed later), cancer will be defined tradi-

tionally. Cancer is the production of life threatening malignant tumors of po-

tentially unlimited growth that expand locally by invasion and systemically by

metastasis. A chemical is by definition only a carcinogen under those condi-

tions which irreversibly initiate somatic mutations, promote uncontrolled neo-

plastic transformation and ultimately produce cancer. A chemical will be

defined as a carcinogen only under limited circumstances. Several hormones and

elements are essential at physiological levels and carcinogenic at toxic levels.

A chemical is only a carcinogen under conditions which irreversibly initiate and

ultimately produce cancer.

Initiation is defined as the production of damage to DNA which is of a magnitude

sufficient to be sustained but of a nature which permits cell survival and pre-

disposes the capacity of uncontrolled growth. Cells containing damaged DNA can,

under certain circumstances, act as the stem cells for the formation of clones

of cells containing heritable mutations. Mutagenicity is defined as the pro-

duction of permanent alterations in the genome. The related processes of somat-

ic mutagenesis and initiation have the potential to alter the genome of any

cell. An altered genome inevitably increases the probability of dysfunction.

Cancer is cellular regulatory dysfunction expressed as irreversible and uncon-

trolled growth. Heritable somatic mutations which result in the initiation of

genes responsible for cellular regulation increase the probability of producing



cancer.

Most mammalian genes exist in allelic pairs. Evidence from somatic cell hybri-

dization studies indicates that the malignant phenotype appears to be recessive

for non-viral induced cancers. Consequently, a recessive somatic mutation in

one of the alleles would not normally be expected to manifest itself as cancer

until a second mutation occurred in the remaining normal allele carried in the

same cell. The probability of two independent mutations occurring in the same

allelic pair of genes in the same cell is extremely rare. However, given enough

mutations in enough cells and a prior inheritance of susceptable genes through

the germ line, the chance of having a cell with both alleles of a critical gene

being mutated and thereby producing cellular dysfunction becomes not just proba-

ble but very likely. In the case where there is a history of a spontaneous inci-

dence of cancer in the test animal, dysfunction is inevitable and the question

f • changes from whether or not cancer will develop to how much and how soon can-

cer will develop. Liver cancer, which is very common in the rat and mouse, has

been shown to be an example of this process. Cancer risk increases with time,

primarily because the magnitude of initiation is a cumulative probability.

_^- Rodent liver tumor causation is often referred to as multifactorial. This is

just another way of saying many indirect factors can alter the incidence of tu-

mors. Total calories, fat content, vitamin E, stress, crowding, and sex of the

host can all influence tumor incidence. Therefore, in order to be specifically

defined a carcinogen, rather than a factor of unknown mechanism, a compound must

be an initiator. Initiation, the sustained modification of genes via specific

alteration of somatic cell to DMA, is dose dependent. Thus, whether and when a

chemical is or is not defined as a carcinogen is dependent on dose. How then do

O
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we categorize compounds which increase the observed incidence of tumors when the

V^ data available describing the tumors are not sufficient to strictly or unambig-

uously classify the tumor as cancer?

Promoters have been postulated to act not as initiators but through modulation

of gene expression and cellular communication. The molecular mechanisms of pro-

moters are more varied than those of initiators which must alter DNA. Included

among the known mechanisms of promotion is the ability to control various genes

which provide a selective growth advantage. We will define promotion as the

ability to enhance the selective proliferation of previously initiated cells.

By definition promotion cannot occur until a critical gene is initiated. The

DNA of dividing cells replicates proportionately to the rate of cell division.

ONA is more susceptible to mutation by chemicals during replication. Silent mu-

tations of dormant cells are more likely to be expressed during replication.

C Wounding, growth stimuli, necrosis, inflammation, or certain chemicals can se-*̂.
lectively and rapidly allow cells containing the mutated gene to form a clone of

semi-initiated cells. A rapidly dividing clone of initiated cells containing one

mutation of a critical gene obviously enhances the probability per unit time of

initiating a second mutation of the remaining normal allele. "Foci" or "Areas"

•— discussed in detail later are likely clones of cells rapidly developing in re-

sponse to chronic injury inflicted by PCB treatment.

How can we account for progression as well as regression of tumors? The biolog-

ical environment controls normal growth, development, and maturation. These

controls constrain the growth of cryptic in situ cancer. When these controls

deteriorate, as in old age, or are overwhelmed by external influences, cancer

develops. The growth of most cells with malignant phenotype in healthy animals
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is repressed by. contact with normal cells through a process called contact inhi-

V bition. Small molecules and macroraolecules responsible for contact inhibition,

including membrane antigens, are readily transferred between cells. Therefore,

even if a mutation, reducing critical gene products controlling differentiation

and growth, occurred in one gene of a cell, the close physical presence (contact

inhibition) of normal cells would contribute to maintaining the required level

of gene products. The net effect is that healthy tissue can usually repress the

tendency of initiated cells to proliferate. When initiated cells do proliferate,

cells in the center of the forming clone will be subjected to less and less con-

tact with normal cells. Less control increases the opportunity for the clone to

further undergo differentiation or incorporate a second mutation during the pe-

riod of proliferative activity. After a homozygous mutant is formed, the like-

lihood of either a normal homozygous or heterozygous cell being able to transfer

enough of the needed gene products even by direct contact is greatly reduced.

C Escape from the anti-proliferative influence of normal cells is also enhanced by

the establishment of a critical mass of mutated cells; such a critical mass also

aids the clone in evading immune surveillance.

Our hypothesis is based on the basic assumptions that each somatic cell of the

differentiated mammalian organism (rat, mouse or man) contains the same genes;

each cell type has only a few specific genes in the active state; each differen-

tiated cell type has specific gene products; and the various differentiated

cells of the organism contain receptors which differentially respond to specific

sets of environmental signals. If we assume that molecular signals detected by

the membrane can all be transferred to the nucleus and then to specific genes, a

mechanism by which a multi-differentiated organism can specifically respond and

adapt to the environment has been constructed. Receptors of various cell types
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- " are not likely to be equally influenced by any chemical since they are coded by

different genes. Therefore, it is only reasonable that there are tissues where

the production of mutations may or may not be expressed as dysfunction.

Gene dosage is a related phenomenon whereby the effective level of gene products

is determined by phenotype. The quality as well as the quantity of selected

gene products influence the maintenance of the non-prolif erative state via mes-

sengers for the receptors producing cell-division repression. Cell proliferation

will occur if cells producing cell-division represser messengers are destroyed,

modified or disrupted by chemicals, surgery or wounding; if the ability of re-

. pressors to act is inhibited; or if the receptor type or numbers have been al-

tered by mutational or epigenetic repression. If the damage is reversible,

cells may retain the ability to restore the original number, levels, and state

of gene products. Under such conditions, the cell is capable of reestablishing

( ' feedback control over proliferation/differentiation.

Any event facilitating a second mutation of a gene resulting in a cell type

homozygous for the neoplastic phenotype will facilitate eventual progression of

the resulting cell line into a disease state expressed as malignant, true breed-

ing, m?tastasizing tumors. Agents that only promote the ability of preexisting

phenotypes to be expressed would be expected to accelerate the rate of develop-

ment but not necessarily create a new disease type. Therefore, appropriate di-

agnosis of cancer would be accomplished by making comparisons of malignancy only

at points in time when spontaneous lesions in the controls and induced lesions

in the treated occur at the same incidence. Processes only promoting cancer in

situ would be expected to regress upon removal of the promoter and not change

the ratio of metastasizing to nonmetastasizing tumors. It is noteworthy that
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such often app&ars to be the case with liver cancer in rodents produced by cy-

\ clic chlorinated compounds.

A compound can increase cancer either by initiation or selective proliferation

of clone(s) of naturally occurring neoplastic cells or by a combination of both

processes. Tissue compound interaction characteristics mediate the expression

of these basic processes and ultimately the presence or absence of tumor devel-

opment. A compound is an incomplete carcinogen when it only initiates or only

promotes. For example, when the level of administration of an initiatior is not

sufficient to kill any or many cells and a hyperplastic response is not

produced, other sources of promotion are needed to amplify the growth character-

istics of initiated cells. If, on the other hand, the exposure to an initiator

kills or injures many of the target cells, the rapid growth of progeny of the

surviving initiated cells will be triggered by the process of repopulating the

C organ. In this case the initiator, through its cytotoxic action, is both direct

initiator and promoter and, therefore, a complete carcinogen. If a compound is

present at a level which promotes selective growth of cells with neoplastic phe-

notypes but does not sustain compound induced mutations, the compound would be

functioning only as a promoter. Since both promotion and initiation are inde-

pendently dose- and time-dependent and tissue, sex, and species sensitivities

vary, the definition of a compound as an initiator or promoter is dose, duration,

and route, as well as tissue, sex, species, and time-dependent.

It will be documented later that PCBs do not increase the incidence of tumors at

any site except the rodent liver. Liver cell death, trauma and hyperplasia are

all produced by PCBs and can be expected to yield conditions favoring prefer-

ential growth of cells with dormant neoplastic phenotypes. Liver tumors are a
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common part of the natural disease process of rodents. One can safely general-

V ize that the tumorigenic properties of PCBs to the rodent liver result at least

in greatest part from alteration of the homeostasis of control mechanisms.

Thus, changes seen in rodents with a natural history of high incidence of liver

tumors must be interpreted carefully. Toxic response and promotion must not be

mistaken for initiation.

8.2. Comparison of the Characteristics of Oncogens and Effects of PCBs

1. Oncogens produce increases of spontaneous tumor at selected sites. PCBs

produce liver tumors.

2. Tumors produced by oncogens usually do not increase the metastatic charac-

teristics of spontaneous tumors of the same site. PCB increased liver tu-

mors do not metastasize.

(^ 3. Oncogens do not produce transplantable tumors unless the naturally occur-

ring tumor is capable of transplantation. PCB tumors do not transplant.

4. Tumors influenced by oncogens are often affected by factors such as nutri-

tion, stress, chronic injury, and sex of the animal. Liver tumors are af-

fected by these factors.

5. Oncogens need not be mutagenic. PCBs are not r^tagenic.

6. Neoplastic lesions increased by oncogens may be reversible. PCB increased

liver tumors regress.

7. Progression of differentiation of neoplastic lesions increased by oncogens

often ceases when stimulus is removed. Continued presence of PCBs is re-

quired to sustain liver neoplasia.

8. Neoplastic effects of oncogens are usually associated with the chronic dys-

function of the affected site. PCBs produce chronic hepatotoxic responses.
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9. Oncogens do. not necessarily increase the effect of carcinogens acting at the

V target site, PCBs reduce the response of several other liver carcinogens.

10. Oncogens affecting the liver often increase microsomal enzyme activity and

eventually produce evidence of metabolic dysfunction. PCBs stimulate LME

and produce metabolic dysfunction.

11. Oncogens rarely if ever increase tumor incidence at exposure levels produc-

ing no toxic effects. PCBs are tumorogens only at toxic doses.

12. Oncogenic effects often require continued presence of the stimulus. Contin-

ued presence of PCB is required to sustain neoplastic alterations of the

liver.

8.3. Comparison of tha Characteristics of Carcinogens and the Effects of PCBs

1. Carcinogens usually produce neoplastic lesions at multiple sites. PCBs only

(̂  increase lesions of the liver.

2. Carcinogens often increase the malignancy of spontaneous tumors at the same

site. PCB increased liver tumors are of low malignancy.

3. Carcinomas irreversably progress once a critical tissue mass is

established. PCB increased tumors can regress.

4. Carcinogens produce tumors which metastasize. PCB increased liver tumors do

not metastasize.

5. Carcinogens produce lethal tumors. PCB increased liver tumors are not le-

thal.

6. Carcinogens produce transplantable tumors. PCB increased liver tumors do

not transplant.

7. Carcinogens are often effective at single exposures. PCBs increase liver

tumors only after prolonged continuous exposures.
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8. Carcinogens are often active at nontoxic doses. PCBs only increase liver

V tumors at hepatotoxic doses.

9. Carcinogens are initiators. PCBs are not initiators and therefore not car-

cinogens.

10. Initiators are mutagens. PCBs are not mutagens and therefore not

initiators.

It is apparent that the neoplastic effects of PCBs match the definitions of an

oncogen and do not match the definitions of carcinogens.

8.4. What Has Been Characterized as Cancer In The Bioassay Literature? There

has been great controversy over the relevance and nomenclature of rodent hepatic

lesions. Most of the controversy surrounds the uncertainty associated with the

diagnosis of cancer histologically prior tc progression to the classical malig-

/ nant state.

The National Cancer Institute sponsored a workshop on the classification of he-

patocellular tumors and related lesions of rats. There were 20 participants. A

recommended classification and nomenclature of the liver lesions resulted

(Squire and Levit 1975). These recommendations were not unanimous and have not

been universally accepted, but are utilized in many of the government supported

reports of PCS carcinogenesis. The following definitions reflect the NCI posi-

tion. Comments have been added when relevant to emphasize the general effect of

the NCI recommendations that can be characterized as enforcing an expansive phi-

losophy in defining the neoplastic potential of liver lesions.
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8.5. Cholangiofibrosis (Adenofibrosis). This lesion is characterized by foci or

V areas of hyperbasophilic, atypical ducts in a fibrous stroma. In most cases,

there later develops an excessive formation of collagen or of cystic glandular

spaces. These lesions could be the "clones" referred to earlier. The nature of

the lesion is controversial but was not considered precarcinogenic by Stewart

and Snell (1957).

Adenofibrosis referred to by Kimbrough is identified as the cholangiofibrosis

referred to by Ito. Kimbrough and Ito have observed adenofibrosis in rats and

mice that were fed PCBs. The PCBs tested by Kimbrough, producing adenofibrosis,

were contaminated with trace amounts of chlorinated dibenzofurans. Adenofibro-

sis can but does not always occur concomitantly with hepatocellular carcinoma in

rodents. Although increased incidence of hepatocellular tumors have also been

reported in rodents after exposure to DOT, Dieldrin, Mirex, and Kepone, these

(. compounds do not produce adenofibrosis liver pathology. Kimbrough speculated

that it is possible the PCBs cause adenofibrosis through lipid peroxidation,

while Mirex, Kepone, DDT, and Dieldrin do not.

8.6. Foci or Areas of Callular Alteration. The choice of the term "foci" versus

"area" has traditionally depended upon the judgement of the pathologist. The

term "foci" is used for small lesions less than 1 liver lobule in size. The term

"area" was recommended by NCI for designating lesions approximately as large as

or larger than a lobule. The primary alterations involve the tinctorial quali-

ties and textural appearance of the cytoplasm of hepatocytes, and the recom-

mended terms are purely descriptive. There is no obvious disruption of the

liver architecture, and the plates of affected cells merge without demarcation

with surrounding liver tissue. Affected liver cells may be larger or smaller
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than normal hepatocytes, and sorae nuclei may be enlarged, vesicular, or hyperch-

V romatic and have large nucleoli. The cells in ground glass or eosinophilic foci

are usually enlarged due to an increase in cytoplasm. The cells in basophilic

foci have a diffuse cytoplasmic basophilia and may be larger or smaller than

normal liver cells. Clear cells are usually normal in size or sonewhat larger.

The nature of these lesions is controversial. Some feel that the basophilic

"foci" or "areas" have greater significance with respect to tumor development

than do the other cellular alterations. MOSL agree that "foci" or "areas" are

cytologically similar to the cellular elements of neoplastic nodules and some

feel that "foci" or "areas" may possibly be part of the spectrum capable of pro-

gressing to the formation of nodules. These lesions must be considered to be

functionally equivalent to clones.

(^ 8.7. Neoplastic Nodules. This term was suggested by NCI to replace "hyperplas-

tic nodules." The term describes spherical lesions that usually occupy an area

equivalent in size to that of several liver lobules in which the normal liver

architecture is absent within the nodules. Hepatocytes within the nodules are

similar to those in foci or areas and may show mixtures of the cytoplasmic al-

terations. Mitoses and varying degrees of nuclear atypia including enlargement,

hyper chromasia, doubling in number, and enlarged nucleoli are sometimes
s

present. The cells may be arranged in solid or jumbled sheets or in irregular

plates, one or more cells thick. Sinusoids may be compressed by enlarged hepa-

tocytes or show varying degrees of dilation or ectasia. Portal areas are usual-

ly not present, although in rare cases they may be localized inside the nodules.

An important feature is the architectural distortion and sharp demarcation of

the nodule from the surrounding liver around at least a portion of its
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periphery. The. plates of nodules' cells are usually not continuous with those

of unaffected liver; rather they impinge perpendicularly or obliquely upon the

tangentially arranged normal plates. The latter are often narrowed due to com-

pression by the expanding nodule.

The NCI decisions to recommend the term neoplastic nodule was based upon the N'CI

conclusion, not universally shared, that the experimental and biological evi-

dence available justified it. The NCI evidence is interpreted as suggesting

that such nodules are proliferative lesions, and few would argue this point;

however, NCI goes one step farther and states that nodules are known to be in-

duced by carcinogens and, at the least, nodules indicate an increased probabili-

ty for the development of hepatocellular carcinoma. Most workers would agree

that chronic injury will result in proliferative lesions but most workers would

also agree that, at least initially, these lesions have the capacity to regress

^- upon removal of the agent causing injury. Chlorinated compounds present unique

problems because their persistence complicates experiments studying removal of

the agent. It should be pointed out, however, that these lesions are typical of

other compounds such as phenobarbital. The difference is that phenobarbital is

rapidly excreted. The induction of proliferative lesions due to chronic cellu-

lar injury is part of a predictable biological response and should not be con-

fused with similar lesions that are associated with the irreversible process of

carcinogenes is.

Neoplastic nodules are considered by NCI and others to represent part of the

spectrum of response elicited by hepatocarcinogens in rodents. However, this

view is not shared by all scientists in the field. Persons subscribing to this

thesis suggest that areas of alteration will develop, that some of these will
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become nodules and that some of the nodules will in time transform into hepato-

(^ cellular carcinomas. A number of carcinogens have produced this spectrum of re-

sponse. It is cautioned that there need be no difference in the observed

response spectrum even when the chemical producing the nodule is an unambiguous

genotoxic carcinogen or one of the polyhalogenated cyclic hydrocarbons.

8.8. Hepatocellular Carcinoma. The diagnosis of hepatocellular carcinoma by NCI

is based upon characteristic histological and cytological features whose corre-

lation with cancer NCI claims is well documented in the pathology literature.

This definition eliminated the necessity of observing several classic endpoints

including invasion, metastasis and lethality.

—•'
*

Hepatocellular carcinomas, by NCI definition, are usually considerably larger

and more irregular than neoplastic nodules, and they may involve major portions

f > of liver lobes. At the periphery, they compress or extend into the surrounding

parenchyma. Trabecular carcinomas may be classified as well to poorly differen-

tiated, depending upon their resemblance to normal liver. Tumor cells are in

broad sheets or in plates one to several cells in thickness. The latter are ha-

phazardly arranged in linear, papillary or pseudoacinar patterns. Tumor cells

__. may also be individualized or in isolated nests and cords enveloped by lining

,_ cells. A histological variant of hepatocellular carcinoma is the carcinoma with

a predominantly glandular, papillary pattern, resembling adenocarcinoma.

According to NCI, much variability in lesion architecture is permissible. For

example, the tumor cells may resemble normal hepatocytes, or they may be en-

larged or anaplastic in less well differentiated tumors. The cytoplasm may be

clear, eosinophilic or hyperbasophilic, and nuclei are frequently enlarged and
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hyperchromatic. Multiple nuclei and micotic figures may be present. This ex-

(^ cessive inclusiveness and lack of strict minimal criteria were necessary if

lesions produced by polyhalogenaced cyclic hydrocarbons were to be consis-

tently diagnosed as carcinoma.

It was concluded by NCI that benign hepatic cell tumors, i.e., without potential

for malignant behavior, could not be consistently diagnosed. Therefore, terras

such as • "adenoma" were not recommended. It was also agreed :hat the term "hepa-

toma" was imprecise in its usage and was not recommended for any of the lesions

under discussion at the workshop.

•The recommendations developed by NCI allow for the inclusion of proliferative

lesions that are clearly capable of regressing when the stimulus is removed.

Detection of vascular invasion or metastases in contrast to tradition was not

C considered by NCI to be essential for the diagnosis of hepatocellular carcinoma.

The utilization of inclusive cytological criteria to define what might have the

potential to become the disease process we call cancer was accomplished at the

expense of including many responses which will never progress, invade, metasta-

size or kill.

8.9. What Level of Confidence Can be Placed on Liver Tumors? Over the past

several years, 54 or 23* of the 230 chemicals tested by the National Cancer In-

stitute (NCI) have been found to induce hepatocellular neoplasms in rats and/or

mice. What predictive power do these results hold for estimating risk to the

human disease CANCER?

If we are to make rational decisions, we must appreciate the comparative patho-

O
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genesis of rodent liver neoplasia. The hepatocellular neoplasms of mice have

(_ variously been referred to as liver tumors, hyperplastic nodules, type A or B

nodules, and hepatocellular adenomas and carcinomas (Ward and Vlahakis 1978,

Frith and Ward 1979, Butler and Newberne 1975). The biological behavior of

these nodules has been and continues to be a subject of heated debate.

It has been demonstrated, at least in some systems, that some of the poorly dif-

ferentiated small nodules can grow progressively to larger nodules that are

transplantable and metastasize to other tissues (Ward and Vlahakis 1978, Wil-
i

liams et al. 1979). The small and/or better differentiated nodules (sometimes

called hyperplastic nodules, adenomas, or type A nodules) are usually not

transplantable and do not metastasize (Butler and Newberne 1975). The morpholo-

gy and biologic behavior of these nodules are similar to those of adenomas in

other murine tissues (Ward and Vlahakis 1978). However, foci of trabecular car-

r cinoma often appear in these adenomas (Frith and Ward 1979, Ward and Vlahakis

1978).

The larger and/or less differentiated nodules (termed hepatocellular carcinomas

or type B nodules) usually appear morphologically different from small nodules

(Frith and Ward 1979). A few carcinogens induce Hepatocellular neoplasms that

appear the same from the time they are small tumors (early stages) until they

become metastatic tumors (Butler and Newberne 1975, Ward et al. 1979). Some le-

sions have been classified by certain authors as hyperplastic nodules without

evidence that they were not neoplastic or did not represent the early stages of

carcinoma.

There are reports (Ito et al. 1976, Periano et al. 1973) that indicate that he-
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patocellular nodules in mouse liver may regress if exposure to the alleged car-

f cinogen is discontinued at a specified time. Studies with other carcinogens de-

monstrate this does not always occur (Frith and Ward 1979, Butler and Newberne

1975).

An extreme view suggests that all hepatocellular neoplasms originate as carcino-

mas (Stewart 1975); therefore, chemicals inducing these tumors are carcinogens,

even if the carcinomas do not invade or metastasize. A more moderate view is

that some, but not all, liver tumors termed adenomas, hyperplastic nodules or

type A nodules may represent an early stage of carcinoma formation (Ward and

Vlahakis 1978). When evaluating the following oncogenicity studies, the reader

is cautioned that the meaning given certain terminology is that of the original

author's and no attempt has been made to provide translations.

C 8.10. PCB Oncogenicity and Related Studies. The polychorinated biphenyls

(PCBs) present distinct problems when attempts are made to estimate a potential

cancer risk to man. The crux of the dilemma is the need to develop a relevant

interpretation of cancer risk from reports of an excess incidence of rodent liv-

er tumors of unknown etiology. The effects covered in the following expanded

discussion of liver toxicity emphasize lesions produced by PCBs in the liver of

rodents.

8.10.1. General Hepatotoxic Effects. Polychlorinated biphenyls in-

duce microsomal mixed-function oxidases and cause hepatomegaly in ro-

dents and other mammals. Hepatomegaly has been interpreted by

Kimbrough to be the result of the hypertrophy of individual hepato-

cytes. Hyperplasia also commonly occurs and increased mitotic activ-

o
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ity can occasionally be noted. Hepatocytes enlarge and may accumulate

^ lipid in their cytoplasm. At the ultrastructural level, enlarged he-

patocytes show an increase in smooth endoplasmic reticulum and inclu-

sions within the cytoplasm, which appear like concentric whorls,

surrounding lipid vacuoles. Morphologic changes in the mitochondria

have also been described (Kirabrough et al. 1972). In addition to

these alterations, PCBs induce experimental hepatic porphyria (Gold-

stein et al. 1974). In the rat, experimental hepatic porphyria only

occurs in the Shennan strain female. This observation indicates a

unique sensitivity for the Sherman female rat. On microscopic exam-

ination, an increase in macrophages and prominent Kupffer cells con-

taining brown ceroid pigment and necrobiosis of liver cells is

prominent. Lipid accumulates in the cytoplasma of hepatocytes, re-

sulting at times in hepatocytes with foamy cytoplasm.

c
Acute as well as chronic toxicity of PCBs has been studied in rats,

monkeys, mice and_cows (DHEW 1976, Kimbrough, et al. 1972, Alien, et

al. 1976) and the organ consistently affected was the liver. For ex-

ample, when male Sprague-Dawley rats were fed a diet containing mix-

•-" tures of PCB isomers (Aroclor 1248, 1254 and 1262) at a concentration

of 100 ppm in the diet for 52 weeks, there was an increase in their se-

rum lipids and cholesterol and a transient increase in triglycerides

accompanied by distinct morphological changes in the liver (Alien et

al. 1976). Generalized liver hypertrophy and focal areas of hepato-

cellular degeneration were followed by a wide spectrum of repair proc-

esses. The tissue levels of PCB were greater in the animal receiving
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the high chlorine mixtures and high levels persisted after the PCB

( treatment had been discontinued.

8.10.2. Neoplastic Effects. Nishizumi, (.1970) studied the effects on

mouse and monkey liver of long-term oral administration of polychlo-

robiphenyls (PCB), 1.5 mg/day or more, at selected intervals by light

and electron microscopy. Hepatocytes of treated mice contained large

amounts of acidophilic materials in the cytoplasm, and fatty vacuoles

were observed later. Structural changes in the hepatocytes consisted

of a marked increase of smooth endoplasmic reticulum, a reduction of

rough endoplasmic reticulum, "myelin figure" formation in the cyto-

plasm, and an increase of microbodies and lysosomes. A marked in-

crease in lipid droplets was observed later. Results of electron

microscopy evaluation of monkey liver showed an increase of smooth en-

f doplasmic reticulum in the hepatocytes and swelling in the Kupffer

cells, with an increased number of lysosomes and vacuoles. Judging

from the findings by electron microscopy, characteristic lesions of

liver cells were produced by PCB administration. Kimura and Baba,

(1973) observed similar changes in the liver of rats. Grossly, all

the rats ingesting more than 700 mg of PCB showed hypertrophy of the

liver. Pinhead- to pear-sized (sic.) round and pale brown flecks or

nodules were scattered on the surface and on the cut-surface of the

liver of all the female rats in the experimental group ingesting more

than 1,200 mg of Kanechlor-400. None of the male rats showed such vi-

sible nodular changes in the liver in spite of having ingested a cor-

responding or even higher amount of PCB than females. Again a female

rat selective sensitivity is observed.

C?
39



c
Microscopically, changes in the liver of experimental rats showed

f fatty degeneration and multiple adenomatous nodules. The former was

seen, irrespective of sex, in all the animals of the experimental

group, but only in 2 females in the control group. The latter, which

appeared to be a benign neoplastic lesion, was seen in all the female

rats ingesting more than 1,200 mg of Kanechlor-400 as predicted by the

gross examination. In sharp contrast, however, the liver specimens of

the male rats revealed no such nodular changes, even in the animals

who had ingested a comparable or higher amount of Kanechlor-400 than

females.

Lung abscesses, pneumonia, spleen atrophy, and intracranial abscesses

were found frequently in the experimental group, and this suggested

that the resistance of the rats treated with Kanechlor-400 to in-

f fection was lowered. Oepilation also appeared frequently in the ex-

perimental group, especially in the females when the PCB intake

amounted to about 600 mg. PCBs induced benign adenomatous nodules

exclusively in female rats.

Nagasaki et al.,-(1972) studied the hepatocarcinogenic effects of po-

lychlorinated biphenyls in dd mice. Strain dd mice with an average

weight of 19.Og were used. A total of 114 mice were divided into the

following 10 groups and the animals were fed on a basal diet (Oriental

NMF) supplemented with various kinds of polychlorinated biphenyls,

Kanecrol-500, Kanecrol-400, and Kanecrol-300, which are classified by

the number of chlorines, purchased from Kanegafuchi Chem. Co., Osaka.

The groups were as follows: Group 1, 500 pptn Kanecrol-500; Group 2,

C
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250 ppm Kanecrol-500; Group 3, 100 ppm Kanecrol-500; Group.4, 500 ppm

V Kanecrol-400; Group 5, 250 ppm Kanecro1-400; Group 6, 100 ppm

Kanecrol-400; Group 7, 500 ppm Kanecro1-300; Group 8, 250 ppm

Kanecro1-300; Group 9, 100 ppm Kanecrol-300; Group 10, basal diet

alone. Each group contained 6 to 12 mice. The animals were given wa-

ter and the experimental diet freely. After 32 weeks, mice were sac-

rificed with ether and examined histologically.

Grossly, 7 of the 12 mice (58.3*) in Group 1 had many tumors in the

liver. The liver increased in weight, and had a rough surface with

multiple tumors up to 0.2 to 1.0 cm in diameter. In other groups, ex-

cept in Groups 1 to 3, no remarkable changes were observed in the liv-

er of mice. Microscopically, hepatomas were observed in the liver of

mice in Group 1. Some area of nodules showed an adenomatous pattern.

(^ Many necrotic foci were seen in Group 1 animals. Nuclear irregulari-

ties and mitotic figures were frequently seen in nontumorous areas of

the liver in Group 1. However, microscopical changes in the liver

were not observed in Groups 4 to 9.

The hepatomas induced in mice by the Kanecrol-500 of poiychlorinated

biphenyls appeared similar to those induced by the ct-isomer of ben-

zene hexachloride. Kanecrol-400 and Kanecrol-300 had no carcinogen-

ic activity in the liver of mice.

Kimbrough, et al. (1972) fed male and female Sherman strain rats poly-

chlorinated biphenyls Aroclor 1260 and Aroclor 1254 at 0, 20, 100, 500

and 1,000 ppm in their diet. Rats received the dietary levels for
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eight months. Light microscopic changes consisted of hypertrophy of

V. the liver cells, inclusions in the cytoplasm, brown pigment in Kupf fe r

cells, lipid accumulation, and, at the higher dietary levels, adeno-

fibrosis. Ultrastructural changes in the livers of exposed animals

consisted of an increase in smooth endoplasmic reticulum and atypical

mitochondria. Lipid vacuoles were occassionally surrounded by con-

centric membranes .

The epithelial component of adenofibrosis consisted of goblet cells and

cells that resembled the epithelium that lines the bile ducts. In gen-

eral, the effect of Aroclor 1254 on the liver was more pronounced than

that of Aroclor 1260.
fT-

Alien and Abrahamson (1973) fed rats diets containing 0.1% of three

f polychlorinated biphenyls (PCBs) (Aroclor 1248, Aroclor 1254, Aroclor

1262) for six weeks; these rats showed a progressive enlargement of

the liver. This liver hypertrophy is. attributed to proliferation of

the smooth endoplasmic reticulum, development of large membranous

concentric arrays, and increase in lipid droplets within the cyto-

plasm of the affected liver cells. Liver homogenates had increased

— levels of protein and RNA and reduced concentrations of DNA, whil<> the

microsomal fraction had increased levels of protein and phosholipids ,

and reduced levels of cholesterol. Also, there were modifications in

the activity of certain hepatic microsomal enzyr.es. By the sixth

week, the animals progressed from a stimulatory effect on the liver by

PCBs to a stage where regressive hepatic changes were occurring, such

as a decreased activity of microsomal enzymes, dissolution of concen-
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trie membrane arrays, vesiculation of the endoplasraic reticulum, and

\ accumulation of lipid droplets within the cytoplasm of the affected

cells.

Ito et al. (1973) studied the effects of technical grade polychlori-

nated biphenyls (PCBs) on mouse liver histologically and ultrastruc-

turally. Pathologic studies were also made on the effects of PCBs on

tumorigenesis induced by benzene hexachloride (BHC) in mouse liver.

Neoplastic changes were observed in livers of mice fed a basal diet

containing 500 ppra of the PCB, Kanechlor 500, for 32 weeks. Amyloid

degeneration in the liver of mice was observed in groups fed a diet

containing lower concentrations of PCBs. Histologically and ultra-

structurally, the neoplastic areas of mouse liver induced by PCBs ap-

peared to be typical of nodular hyperplasias and we11-differentiated

( hepatocellular carcinomas induced by BHC. The effects of PCBs on neo-

plastic changes induced by isomers of BHC in the liver of mice fed a

diet containing BHC with or without PCBs was determined. Only those

receiving 100 or 50 ppm of the ct-isomer developed nodular hyperplasia

and hepatocellular carcinoma. However, among the groups fed BHC plus

PCBs, only those receiving 100 or 50 ppm of o-BHC or 250 or 100 ppm of

B-BHC developed nodular hyperplasia and hepatocellular carcinoma.

Groups fed T-BHC with or without PCBs did not show neoplastic changes

of the liver. PCBs themselves increased hepatic neoplasms in mice

and also added to the increase in tumors induced by a-BHC and

B-BHC.

Burse, et al. (1974) fed rats 100 ppm of Aroclor 1242 (6.6 to 3.89
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. ' mg/kg/day) or 100 ppra Aroclor 1016 (6.9 to 3.5 mg/kg/day). Plasma,

^ kidneys, urine, brain, liver, and adipose tissue were analyzed for po-

lychlorinated biphenyl (PCB) residues at 0.5, 1, 2, 4, 6, 8, and 10

months of exposure. In additional groups fed the experimental diet

for 6 months, PCB tissue levels were determined 2, 4, 5, and 6 months

after the exposure to PCBs was discontinued. PCBs were highest in

adipose tissue where a steady state was approached in 2 and reached in

4 months. Little PCB-derived material was excreted in urine.

After discontinuing PCB exposure, Aroclor 1016 was eliminated more

rapidly from the organ than Aroclor 1242. Measurable residue levels

were still present after 5 (Aroclor 1016) and 6 (Aroclor 1242) months

of recovery. Microscopic examination of the liver showed enlarged

liver cells with vacuolated cytoplasm and inclusions. Kimbrough and

^_ Linder (1974) fed two groups of 50 BAL3/cJ inbred male mice 300 ppm of

a polychlorinated biphenyl, Aroclor 1254, in the diet for 11 and 6

months, respectively. The 6 months' feeding was followed by 5 months'

recovery. Two additional groups of 50 mice each were fed plain chow.

All 22 surviving mice fed Aroclor 1254 for 11 months had greatly en-

larged livers representing 25% of their body weight, whereas those fed

"" the experimental diet for 6 months only had slightly, but significant-

ly, enlarged livers. Adenofibrosis was observed in all 22 livers of

mice fed Aroclor 1254 for 11 months but not in the other groups. Of

the 22 mice fed 300 ppm Aroclor 1254 for 11 months, 10 had hepatomas

measuring 0.1-1.5 cm in diameter. One of 24 surviving mice fed Aroc-

lor 1254 for only 6 months, followed by a control diet for 5 months,

had a hepatoma 0.3 cm in diameter. No controls had hepatomas.
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Ito, et al-, (1974) observed liver weight increases in groups on diets

V, supplemented with Kanechlor-500, -400, or -300, the increase being"

greatest in the group that received 1,000 ppm of Kanechlor-500. In

several groups, irregular-shaped yellowish nodules of up to 1.0 cm in

diameter were seen on the liver, but no cirrhotic changes were de-

tected.

No hepatocellular carcinoma was seen in any of the rats, but areas of

cholangiofibrosis were found in the liver of rats given 1,000 ppm of

Kanechlor-500, -400, or -300. Nodular hyperplasia was found in 38 ~

12.OX of the animals given Kanechlor-500, 30 - 12.5% in those treated

with Kanechlor-400, and 6 - 4.5T1 of those which received

Kanechlor-300. The incidence of nodular hyperplasia of the liver was

highest in the groups given Kanechlor-500 and lowest in those given

(^ Kanechlor-300. Oval cell proliferation and bile duct proliferation

were seen in all groups of animals treated with Kanechlor. Hyper-

trophic changes of liver parenchymal cells in centrilobular areas

were clear in groups that received 1,000 ppm of Kanechlor-500 or -400.

Amyloid degeneration of th& liver was seen only in the~ group given 100

ppm of Kanechlor-400. No remarkable changes were seen in other organs

of either experimental or control rats.

Makiura, et a!., (1974) Studied the effects of polychlorinated biphe-

nyls (PCBs) on liver carcinogenesis in rats treated with the hepatic

carcinogens 3'methyl-4-dimethylaminoazobenzene (3'-Me-DAB}, N-2-

fluorenylacetamide (2-FAA), and/or diethylnitrosanine (DEN). Animals

were examined histopathologically after they had received the exp-

U
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erimental diet for 20 weeks and then the stock diet for 4 weeks. Liv-

V er tumors developed in 65.2, 53.8, and 92.3% of rats in groups treated

with 0.03% 3'Me-DAB, 0.015% 2-FAA, and 0.0025% DEN, respectively.

Rats that received 0.05% PCB only did not develop liver tumors, and

those treated with PCB and the carcinogens developed only a few

tumors. Multiple liver tumors developed after treatment with 0.03%

3-Me-DAB plus 0.0025% DEN (92.3% incidence) and 0.015% 2-FAA plus

0.0025% DEN (81.8%); after treatment' with these combinations plus

PCB, the incidence of liver tumors was very low or zero. Histologic

examination showed that PCB inhibited development of nodular hyper-

plasias, oval cell infiltration, and bile duct proliferation as well as

hepatocellular carcinoma induced in the liver by the chemical carcino-

gens.

(_ Ito et al. (1974) induced nodular hyperplasias but not hepatocellular

carcinomas in rats with PCBs. Some of the findings confirmed those of

Kimura and Baba (1973). These studies showed that all kinds of Kanech-

lor are tumorigenic in the rat liver. Marked cholangiofibrosis (ade-

nofibrosis) was seen in the rat liver.

" Kimbrough et al., (1975) utilized Sherman strain female rats (200) fed

100 ppm of a polychlorinated biphenyl (Aroclor 1260) for approximate-

ly 21 months, and kept 200 female rats as controls. The rats were

killed when 23 months old. Twenty-six of 184 experimental animals and

one of 173 controls had lesions interpreted by histologic criteria as

hepatocellular carcinomas. None of the controls but 146 of 184 exper-

imental rats had neoplastic nodules in their livers. Areas of hepato-
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cellular alteration were noted in 28 of 173 controls and 182 of

V. experimental animals. Thus the polychlorinated biphenyl Aroclor

1260, when fed in the diet, was interpreted as having a hepatocarci-

nogenic effect in these female rats. It is worthy of note that hepato-

cel lular carinoma was based on the controversial NCI def in i t ion . The

incidence of tumors in other organs did not d i f fer appreciably between

the experimental and control groups. Hepatocellular alterations were

observed in a h igh percentage of the control a n i m a l s .

Nat. Cancer Inst., DHEV Publication No. (NIH) 78-838 (1978) reported

the bioassay of Aroclor 1254 for possible carcinogenicity. The bioas-

say was conducted by administering the test chemical in feed to Fisch-

er 344 rats. Groups of 24 rats of each sex were administered Aroclor

1254 at one of three doses, either 25, 50, or 100 ppm, for 104-105

C weeks. Matched controls consisted of groups of 24 untreated rats of

each sex. All surviving rats were killed at 104-105 weeks. Mean body

weights of males and females receiving mid and high doses and females

receiving low doses of the chemical were consistently below those of

the corresponding controls, beginning at about week 10 of the study.

The decrease in survival among males, but not among females, showed a

significant dose-related trend. Adequate numbers of animals of both

sexes survived for meaningful statistical analyses of the incidences

of tumors.

The combined incidences of lymphomas and leukemias showed a signif-

icant dose-related trend in males (controls 3/24, low-dose 2/24,

mid-dose 5/24, high-dose 9/24, P = 0 .009) . However, the direct com-
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r
parisons of each dosed group with those of the matched controls were

V^ not statistically significant, and the tumors cannot clearly be re-

lated to administration of Aroclor 1254.

Hepatocellular adenomas and carcinomas were found in the dosed

groups, but not in the controls (males: mid-dose 1/24, high-dose

3/24; females: mid-dose 1/24, high-dose 2/24). Additionally, a high

incidence of nonneoplastic hyperplastic nodules was noted in the

dosed animals (males: controls 0/24, low-dose 5/24, raid-dose 8/24,

high-dose 12/24; females: controls 0/23, low-dose 6/24, mid-dose

9/22, high-dose 17/25). Although the incidences of tumors were not

significant, the occurrence of the hyperplastic nodules appeared to be

related to administration of the chemical.

( . In the stomach, jejunum, or cecum, adenocar cinemas were observed in

two dosed males and in two dosed females as well as a carcinoma in one

dosed male. None -of these lesions was found in control animals in

this study. Historical incidences of these tumors at this laboratory

(6/600 males [1%], 2/600 females [0.3%] suggest that the lesions, al-

though not statistically significant, may be related to the aominis-

~" tration of Aroclor 1254. It was concluded that under the conditions

of this bioassay, Aroclor 1254 was not carcinogenic in Fischer 344

rats.

8.11. Tumor Initiation Modification. The effects of PCBs on carcinogenicity of

various chemicals have been investigated by numerous groups. Kanechlor-500 in

combination with 3'methyl-4-dimethylaminoazobenzene, N-2-f luorenylacetamide

48



1 d, ...:,y Initrosamine in the diets of rats markedly decreased the formation of

•-spatocarcinomas (Makiura, et at. 1974). Kimura et al. demonstrated that pre-

treat̂ r': with Kanechlor-400 in diets of rats 4 months prior to and 2 months

during treatment with S'methyl-i-dimethylaninoazobenzene protected the r-cs

against the formation of hepatocarcinomas induced by this carcinogen. PCBs were

shown to add to the effects of BHC by Ito et al. (1973). These findings suggest

that in terms of effects on tumor igenes is , timing is important in the applica-

tion of PCB to the diets of laboratory animals. Treatment with ru- - '""" "

the administration of a carcinogen can - ' ̂  «duction of the ™*or

response , whereas treatment concurrent with a oncogen can result in enhancement

of the tumorigenic response, me innxuxuw«7 »££»«•»•« of the PCBs were assumed to

be due to the induction of hepatic microsomal enzymes, while the enhancement was

ascribed to the additive hepatotoxic properties of the PCBs.

The two-stage system of mouse skin tumorigenesis allows one to evaluate crit-

ically the initiation and promotion phases of carcinogenesis individually. This

system allows one to study the effects of modifiers on initiation and promotion

separately in a skin carcinogenesis assay. The results of Berry et al., (1979)

demonstrate that PCBs possess the capacity to decrease tumor initiation in a

mouse skin assay and that at the doses utilized, PCBs had no initiating or pro-

moting properties. Berry, et al. (1979) tested PCBs for promoting activity in

mouse skin with a high (200 nmol) initiating dose of DMBA. In a 30-week treat-

ment period, the normal DH3A- initiated, TPA-promoted controls yielded approxi-

mately 8 papillomas per mouse. PCBs (at doses of 100 Ug/ mouse given twice

weekly) did not promote the development of skin tumors. When nested without

DMBA initiation, PCBs did not demonstrate any carcinogenic activity. PC3s did

not produce any observable skin lesions. The ant icarcino genie effects of Aroc-



c
lor 1254 appear to correlate well with their ability to induce monooxygenase en-

^ zymes of the skin. These experiments suggest that pretreatment gives rise to an

increased rate of inactivation of the DMBA molecule relative to the rate of ac-

tivation in mouse skin. Although these data point to induction of oxidative

biotransformation as a possible mechanism for the inhibitory effects exhibited,

other mechanisms could be operating. Possibilities include induction in epider-

mal tissues of nonoxidative metabolic pathways such as epoxide hydratase,

glutathione-S-transferase, UDP-glucuronosyltransferase and others. Other

possibilities include effects on DNA-repair systems and on the distribution of

the carcinogen to the critical target site(s).

8.12. Immunosuppressive Effects on Tumor Cells. PCBs have also been reported

to act as immunosuppressive agents (Vos and Be ems 1971, Vos and Oe Roij 1972,

Roller and Thigpen 1973). Since a suppressed immunologic state in the host can

Q_ enhance the generation and growth of tumors (Burnet 1970, Gatti and Good 1971,

Penn and Starzl 1972, Heberman 1974), Kerkvleit and Kimeldorf (1977) conducted a

study to determine the effects of host exposure to PCBs on tumor growth per se,

utilizing a transplantable tumor in rats.

Aroclor 1254, dissolved in corn oil, was incorporated into specially prepared
_-

powdered diets at levels of 1, 100, 400 or 800 ppm and fed to groups of male and

female Sprague Dawley rats, eight of each sex per group. Subsequently three ad-

ditional groups of 20 male rats were placed on diets containing 0, 5 or 25 ppm

PCB. Following 30 days of exposure to the contaminated diets, the animals were

Inoculated with the Walker 256 carcinosarcoma. The tumors were allowed to grow

for nine days, during which time the animals remained on their respective diets.
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The mean tumor weights of all PCB-fed groups were significantly smaller than the

v mean tumor weight of their sex-matched control after the nine-day tumor growth

period. In both male and female rats, the magnitude of tumor weight inhibition

directly correlated with the concentration of PC3 in the diet. Although female

rats consistently showed smaller tumors than their male counterparts, the degree

of tumor weight inhibition observed at each dose level was comparable in both

sexes.

The results of this study demonstrate that PCB (Aroclor 1254) exposure can in-

hibit the growth of at least one experimental tumor, the Walker 256 carcinosar-

coma in rats. The tumor inhibitory response of PCB was dose-related.

8.13. Are Chlorinated Hydrocarbons Different? Recent reviews of specific

classes of chemical carcinogens indicate that correlation with mutagenesis de-

( • pends, in part, on the chemical class (McCann et al. 1975, Andrews et ai. 1978a &

b, Ueno et al. 1978). It has been stated that certain compounds, especially

persistent chlorinated compounds including PCBs, increase the incidence of only

liver tumors in mice and that these tumors may not be malignant (Butler and

Jones 1978). Halogenated chemicals are the most numerous class of chemicals to

induce rat or mouse liver tumors alone and most are known not to be rautagenic.

Nonmutagenic chemicals causing rodent liver tumors must act by epigenetic mech-

anisms .

The following facts emerge from the NCI bioassay program for polycyclic halogen-

ated compounds :

1. 29 compounds studied by NCI representing 7 classes but excluding the cyclic
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polychlorinated series, produced tumors in mouse liver as well as tumors at

^ other sites;

2. 24 of these 29 compounds were positive in the Ames System;

3. Ten of 11 chlorinated polycyclic compounds tested by NCI produced only

liver tumors in mice;

4. Four of the 10 chlorinated polycyclic compounds that produced liver tumors

did so in only one sex;

5. None of the NCI tested chlorinated polycyclic compounds producing only tu-

mors in mice produced tumors at sites other than the liver; and

6. One of the 8 tested compounds was positive in the Ames system.

When cyclic polychlorinated chemicals are excluded, 83% of the compounds produc-

ing tumors in mouse liver and at other sites are positive in the Ames system.

Cyclic polychlorinated compounds producing either mouse and rat liver tumors in

^_ the NCI bioassay are positive in the Ames System only 12* of the time.

A review of the carcinogenic, mutagenic, and hepatotoxic literature reveals that

PCBs meet many of the criteria for producing benign neoplastic lesion and there-

fore may be oncogenic. Cyclic polychlorinated compounds, however, produce tu-

mors and Ames system responses different from most other carcinogenic compounds.

PCBs are not positive in the Ames system and do not produce tumors at sites oth-

er than the rodent liver. PCBs are unlikely to produce neoplastic effects

through genotoxic mechanisms. Several carcinogenesis bioassays have been con-

ducted and, with the exception of Kimbrough et al. (1975), all authors con-

cluded that PCBs may be oncogenic but not carcinogenic.
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8.14. Carcinogenicity Summary. The experiments conducted with PCBs reveal

v that:

1. PCBs cannot be initiators because PCBs are not mutagenic;

2. PCBs are not promoters of genotoxic initiators of liver tumors and, in fact,

inhibit 3'-Me-DAB, 2-AAF and DENA;

3. PCBs are not promoters of DMBA in mouse skin and, in fact, inhibit the car-

cinogenic process;

4. PCBs act additively with the hepatotoxin BHC in increasing liver tumors;

5. PCBs do not enhance the carcinogenic process through impairment of the im-

mune system as demonstrated by inhibition of Walker 256 carcinosarcoma

cells;

6. Liver lesions produced by PCBs appear to have the capacity to regress;

7. PCBs only produce neoplastic lesions of the liver. No tumors have been pro-

^_ duced at any other site;

8. Extraordinary levels of PCBs must be accumulated before neoplastic changes

in the liver are observed;

9. Only one of many studies, that of Kimbrough et a\ . (1975), has reported PCS

induced carcinoma. None of the tumors invaded or metastasized and the ?CB

used, Aroclor1* 1260, was of unknown purity; and

10. When only liver tumors are produced by polycyclic chlorinated compounds, the

relevance and correlation to human cancer risk is small.

Table 8 summarizes the carcinogenicity testing of PCBs.

*

8.15. Conclusion. The question is, does an experiment utilizing prolonged expo-

sures at high levels to PCBs, which reportedly increases the incidence of liver
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cancer in a single sex of a single strain, document a hazard of increased human

cancer at environmental exposures. The conclusion of this review is that PCBs

have not been demonstrated to be carcinogenic in an animal model of significant

relevance to man, and do not present a cancer hazard at environmental levels of

exposure.

9. EFFECTS OF PCBS IN HUMANS

Possibly the best evidence of what effects PCBs have in humans comes from the

"Yusho" incident that occurred in Japan. In 1968, approximately 1,291 people in

southwest Japan were affected by an exposure of 1-2 grams of PCBs that was ing-

ested in a rice oil contaminated with a Japanese brand of PCBs known as Kanech-

lor 400 (Kuratsune 1976, Higuchi 1976, IARC 1978). For a breakdown of the

symptoms observed, see Table 7.

C
Approximately half of the patients complained of a variety of neurologic dis-

tresses such as headaches, numbness, hypothesia and neuralgia. Most of the

headaches were transient, but some recurred over a period of months to years.

Higuchi (1976) has concluded that most of these probably arose from emotional

stress or migraine conditions and were not related to PCB exposure. Measure-

ments of nerve conduction velocities in Yusho patients revealed, however, that

up to 50% of the 20 patients studied had lower than normal sensory nerve con-

duction velocities but normal motor nerve conduction velocities (Higuchi 1976).

Higuchi (1976) originally considered the possibility of adrenocortical hypo-

function, but findings in the patients did not support this hypothesis and post-

mortem examinations did not reveal any unusual adrenocortical morphology.
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Female patients., 60?i, did suffer abnormal menstrual cycles but the changes were

Q~~ nixed; some suffered prolonged intervals of menstruation while others had short-

ened or irregular intervals. Determinations of urinary estrogens revealed a de-

crease; a possible explanation of this finding is an increased degradation of

estrogens because of increased liver metabolism (Higuchi 1976).

Hematologic examinations of Yusho patients revealed a slight leukocytosis and

aionocytosis and serum levels of IgA and IgM were generally decreased. Surpris-

ingly, serum indicators of liver damage such as GOT, GPT and bilirubin were nor-

mal. Thus, although PCBs can cause liver injury in experimental animals, as

many halogenated hydrocarbons do, the clinical evidence at Yusho indicates that

this is not a prominent toxicity in humans (Higuchi 1976, Kuratsune 1976).

Nonetheless, microscopically observed changes have been seen in liver biopsy

samples, but the major finding, an increase in the smooth endoplasmic reticulum,

( is interpreted as representive of the induction of the hepatic enzymes for oxi-

dative metabolism, a finding predicted from animal studies and not an indication

of toxicity. Analysis of other serum parameters also suggested a disruption of

normal lip id metabolism. Serum triglycerides were elevated while cholesterol

was not.

Of 43 affected children examined, 23 boys showed decreases in height and weight

gain compared to unaffected children, while 19 girls did not differ from the

control group (Higuchi 1976). Also, some of the infants born to women affected

by Yusho were small-for-date. These two findings are felt to suggest that high

doses of PCBs may retard growth in children. The other symptoms in newboms in-

cluded dark-brown pigmentation, parchment like skin, eruption of teeth and larg-

er than usual fontanelles indicating transplacental passage of PCBs to the fetus
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during gestation.

C
Probably the most common symptoms and the ones largely responsible for the iden-

tification of Yusho's disease were eye aiH skin problems. These consisted of

acneform eruptions, follicular accentuation, swelling of the eyelids with dis-

charge from the eyes and increased pigmentation of the skin. Unfortunately,

even though the chloracne was not a permanent condition, it was a discomfort-

ing disfigurement that lasted for a period -of months to years. (Kuratsune et

_ajU 1972.)

While the above effects described in Yusho patients provide a picture of the

, possible consequences suffered by overexposure to PCBs, the exact cause of these

disturbances is of some debate. The type of PCB mixture contaminating the rice

oil, Kanechlor 400, has been discovered to contain polychlorinated dibenzofu-

\^ rans (PCDFs) at concentrations as high as 18 ppm (Kuratsune et al. 1972, Higu-

chi 1976, EPA 1980). Measurements of the rice oil used by Yusho patients

revealed that the PCBs ranged from 1 - 3,000 ppm while the PCDFs were 5 ppm (Ku-

ratsune 1976, Nagayama et al. 1976). The 2, 3, 7, 8, tetrachlorodibenzofuran

isomer is an extremely toxic chemical causing liver damage, chloracne, birth de-

fects and cancer in experimental animals (Huff et al. 1980). Therefore, it is

not known which of the side effects seen in the Yusho disease can be attributed

solely to PCBs (Vos et al. 1970) and, if cancer is found in the future to have

been significantly increased in this group the source of induction will remain a

question. (NOTE: The dibenzofurans found in the PCBs in Yusho incident are

1,000 times higher than those usually measured in PCBs).

Besides the Yusho incident, there are other recent reports in the literature

C-
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concerned with the effects of PCBs in humans. Ouw et al. (1976) studied 34 work-

X ers from a factory in which PCBs were added to capacitors. Air concentrations

inside the plant previous to the study contained PCBs exceeding the allowable

limit of 1.0 mg/mj by 50-122* in some areas of the plant requiring the installa-

tion of a better exhaust system. Although the industrial hygiene of the plant

had been less than desirable, with at least one case of chloracne and others re-

porting rashes or a burning of the eyes, the clinical tests did not reveal any

significant health problem. PCB blood levels of the group avaraged over 400 ppb

compared to no detectable amounts in the control population, yet the bilirubin,

alkaline phosphatase, serum protein, albumin, SGPT and immunoglobulins of the

workers were all within normal limits.

Fischbein et al. (1979) have also examined workers employed at a capacitor

plant. In their study, 326 employees were examined and of these the breakdown

( for the duration of exposure was: 10* had 5 or less years, 20.9% had 5-10 years,

17.5% had 10-15 years, 11.4% had 15-20 years, 29.1% had 20-25 years and 11% had

greater than 25 years of exposure to PCBs. Of these employees 10.7% had re-

ported rashes and 24.8% had reported a burning sensation of the skin. Upon phy-

sical examination, approximately 40% of the group had some redness, swelling,

dryness or thickening of the skin and 2% had abnormal secretions from the eye.

Overall, the clinical chemistry of the employees was unremarkable and this

"paucity of abnormal results" was noted by the authors. Routine neurologic ex-

aminations also did not reveal any remarkable prevalence of abnormalities.

There was, however, a decrease in the forced vital capacity of the lungs in 14%

of the workers compared to 5.6% in the normal population, an unusual finding but

one of unknown significance at this time (Varshaw et al. 1979).
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Other studies concerned with employee exposure have been adequately discussed

•Q. elsewhere (NIOSH 1977, EPA 1980). These discussions reveal that the toxicities

most often found after occupational exposure are related to the dermal changes

discussed and indicate little or no liver injury or other systemic problems.

While these studies indicate that the liver injury seen in animals has not been

correspondingly reflected in humans at the levels of PCB exposure generally en-

countered occupationally, a study by Alvares and co-workers (1977) suggests

these concentrations may indeed increase .liver metabolism. The antipyrene

half-life measured in five workers exposed to PCBs for at least four years was

two thirds that of the half-life of the control group leading to a 50% increase

in antipyrene clearance.

^

Reports of high cancer rates among Mobil Oil employees at its Paulsboro, NJ re-

finery exposed to PCBs (Aroclor 1254) have been interpreted as indicative of to

f a possible link between PCB exposure and skin (melanoma) or pancreatic cancer

(Bahn et al. 1976). The Mobil study indicated that 8 cancers developed between

1957 and 1975 among 92 research and development and refinery workers exposed for

5 or 6 years in the late 1940's and early 1950's to varying levels of Aroclor

1254. Of the 8 cancers, 3 were malignant melanomas and 2 were cancers of the

pancreas. NIOSH said, "This is significantly more skin cancer (melanoma) and

"*" pancreatic cancer than would be expected in a population of this size, based on

the Third National Cancer Survey." However, it is difficult to derive any con-

clusions from this study because of the small numbers of individuals exposed and

the variety of other agents to which they were exposed.

It should be noted that Monsanto Co., in contrast to MobiJ. Oil, could find no ca-

sual relationship between cancer and PCB exposure at its plant in Sauget, Illi-

c?
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•nois. The Monsanto study was based on a review of the records of more than 300

V. current and former employees at the Illinois plant that had been engaged in PCB

production since 1936 (Anon 1976).

Findings of an increased risk of mortality due to malignant melanoma, cancer of

the pancreas, and lung cancer among workers exposed to PCBs was not corrob-

orated in the study of Brown and Jones, (1981). There were no observed deaths

due to malignant melanoma and only 1 observed death from pancreatic cancer, whi-

le 1.89 were expected. There were seven observed deaths from respiratory system

cancer, whereas 7.69 were expected. There was no total relationship between in-

creasing durations of employment in jobs involving PCB exposure and the risk of

mortality due to cancer or cirrhosis of the liver in the Brown and Jones study.

9.1. Summary of Human Health Effects. The literature on human toxicological

C effects on reproduction, birth defects, mutagenicity and general toxicity, has

been reviewed, as well as the literature relevant to human occupational exposure

and accidental poisonings. The following conclusions have been made: PCBs rep-

resent a low, acute, exposure hazard; mutagenic, teratologic, and reproductive

risks are minimal; metabolism in man is likely less aggressive than in rodents;

and the low levels of PCBs generally experienced in the environment pose little

risk and no obvious hazard. However, there have been reports of PCBs containing

highly toxic contaminants, e.g., polychlorinated dibenzofurans, and the pres-

ence of these contaminants could modify PCB toxicity and the health risks asso-

ciated with exposure.
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10. SUMMARY AND CONCLUSION

C
Poisons are agents that can produce adverse effects on a biological system. Ad-

verse effects may vary from an alteration of normal function to the destruction

of life. All chemicals are capable of altering some function in some organism

at a large enough dose; therefore, all chemicals could be defined as poisons.

Because the definition of a poison can be broad and does not describe those cir-

cumstances and conditions under which an adverse effect can be expected to be

produced, a more useful definition of the toxicity of a chemical focuses on

those conditions predicted to develop at likely exposures to the chemical.

Evaluation of experimental evidence and establishment of relevance to man is ne-

cessary before defining risk or hazard to man and the magnitude of that risk or

hazard. Safety is relative and is defined as the probability that a substance

will not produce an unacceptable alteration of normal function under a given set

f • of specified conditions. The success of predictions of safety depends on the

types of experiments performed, the adequacy with which they have been

performed, and, most importantly, the appropriateness of extrapolating from ex-

perimental results to man. To maximize the utility of the data, the toxicity of

the material should be determined under controlled circumstances relevant to de-

fining the minimum conditions necessary to produce adverse effects.

PCBs can be toxic. PCBs can be used safely under controlled conditions. PCBs

under known conditions of exposure to man, have not, with the exception of overt

poisonings, produced significant adverse health effects. The literature of PCB

toxicity in both animals and humans has been reviewed to predict those condi-

tions under which PCBs may be considered poisonous or unsafe. Included in the

literature review were studies on reproduction, birth defects, mutagenicity,
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carcinogenicity. and general systemic toxicity. In addition, the literature was

\^ reviewed for data relevant to human occupational exposure and accidental poison-

ings. Analysis of published animal data leads to the conclusion that, in ani-

mals, pure PCBs represent a low acute exposure hazard, that mutagenic,

teratogenic and reproductive risks are minimal, and that the carcinogenic poten-

tial of this compound has not been convincingly demonstrated in an animal model

relevant to man.

The metabolism of PCBs in man is much less aggressive tnan in rodents, therefore

bioactivation models proposed as explaining chronic toxicities in rodents are

inappropriate to predict similar hazards in man. Analysis of human PCB exposure

and effect data reveals a spectrum of toxicities fairly consistent with those

induced in animal tests. Acute human exposures have not produced the signifi-

cant liver damage seen in chronic exposures of rodents, as evidenced by the

( Yusho incident. Human occupational epidemiology studies with substantial num-

bers of exposed workers indicate minimal systemic toxicity and no increase in

cancer incidence. PCBs represent no unusual hazard when compared to many

"safe" chemicals with the exception of chloracne and adverse dermal responses.

Human exposure to the PCS* that are generally present in- the environment is at

nuch lower levels and/or for shorter periods of time than those exposures

documented for Yusho or in capacitor plants. Therefore, it is concluded that
».

low levels of PCBs pose little risk and no obvious hazard.

The chemical analyses of PCBs have shown that they often contain polychlori-

nated dibenzofurans (PCDFs) at low levels. The concentrations of these toxic

I contaminants are generally in the parts-per-million range in pure PCB taix-
t

tures, but percent of contamination can be substantially increased as a result
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of industrial use. Since levels of PCBs generally found in the environment

^ are in the parts-per-willion range or lower, the concomitant concentrations of

PCDFs would be expected to be immeasurable. For this reason and because the

toxicity data of all PCBs exposures have probably included this contaminant,

the concern for low level exposures to PCDFs is still expected to be minimal.

Although the presence of these contaminants could modify the toxicity of PCBs

and the health risks associated with exposure, their expected low levels

should represent no unusual hazard.

62



0

c List of Tables



Table 1
ISOMER5 OF PGBs

| Chlorines

1
2
3

1

5
6

7

8

9

10

Chloroblphenyl f

mono
dl
trl
tetra

penta
hexa

hupta
octo
nova

deca

Isomers

3
12

21

12

16

12 •

21

12

3

1

Molecular
Weight

188.7
223.1

257.6

292.0

326.1

360.9

395.3

129.7

163.1

198.5

% Chlorine
by Weight

18.79

31.77

11.30

18.56

51.30

58.94
62.77

65.98

66.73

71.78

Adapted from llurtzlngor at al., 197<i, NIOSH 1977 and (ARC 1978.



Table 2 .
PHYSICAL PROPERTIES OF COMMERCIAL PCOs

= = = _ = = _ = = :; = = = = ——— _ = == = —— = = = = = __ —— _ = —— :

Property 1221

Appearance clear,
mobile oil

Specif ic Gravl ty 1.18
0 25°C

Dis t i l l a t ion 273-320
Range (°C)

Vaporizat ion
Rate at 100°C
(mg/cmZ/hr) 1.7<l

-or-
X loss a
100°C/6 hr ——

Water Solubl 1 1 ty
at 25eC (ng/1)

AROCLORS*

1016 12>42 1254 1260 1268

clear, clear, light yellow. sticky resins st icky resins
mobile oil mobile oil thick oil

1.36 1.38 1.50 1.57 1.61

323-356 325-366 365-390 385-U20 «(35-ii50

—— 0.3U 0.05 —— ' ---
»

0-0.2% 0-0.1% 0-0.1%

O.I*

* Trademark or Monsanto
Adapted from llurtzlnger et al 197M. NIOSII 1977 and (ARC 1978
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Table 3
END USES OF AROCLORS* BY TYPE

End use

Current

Ciipucltors
- Transformers

Forme r
1

Heat Transfer

Hydraulics/Lubricants
- llydraul Ic Fluids

Vacuum Pumps
- «»Cas-Transmlsslon Turbines

Plast lc lzors
- Rubbers
- Synthetic Resins

Carbonless Paper

HI sco 1 lancous
- Adhuslves
- Wax Extenders

DeJusting Agents
- Inks

Cutt Ing O i l s
Pest ic ide extenders
Sealants and Caulking Compounds

1016 1221 1232 121(2 121(8 1254 1260 1262 1268

X X X X
X X X

X

x x x x x
X X

x x

x x x x x • x
x x x x x

x

X X X X X
X X X

x x
X
x
X
x

• Trademark of Monsanto
Adapted from llurtzinger et a I 1974 and (ARC 1978
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Table 4

PCBs IN FOOD

Percent of samples with PCBs

Products 1973 1974
Maximal

1975 Concentration (ppm)

C

Fish
Milk
Eggs
Cheese
Feed Components
Animal Feed
Processed Fruit
Baby Food
Meats, Poultry

60.4
2.2
1.1
0.9

12.7
7.2
4.5
1.1
1.9

44.0
2.6
4.2
2.6
0.0
0.0
0.0
0.0
1.2

17.8
0.7
0.0
0.0
0.3
0.0
0.0
0.0
0.3

123.0
2.3

11.0
2.8
9.0

199.
19.

.5

.2
trace
> 5

Adapted from Jelinek and Corneliussen 1976.
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Table 5

TOXICITY RATING CHART

Probable Oral Lethal Dose for Humans*

Racing Animal LD50 Expected Human Dose

C

1. Nontoxic
2. Weakly Toxic
3. Moderately Toxic
4. Toxic
5. Extremely Toxic
6. Supertoxic

15,000 mg/kg
5,000-15,000 mg/kg

500-5,000 mg/kg
50-500 mg/kg

5-50 mg/kg
* 5 mg/kg

2 1 Quart
1 Pint-1 Quart
1 Ounce-1 Pint
1 Teaspoon-1 Ounce
7 Drops-1 Teaspoon
Less Than 7 Drops

* Average Adult of 70 kg
Adapted from Doull et al. 1980.
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Table 6

ACTUAL TOXICITY AND THE TOXICITY RATING CHART

OF SOME SELECTED CHEMICALS

C

Agents Animal LD-0 Expected Human Dose*

PCBs 14,000 mg/kg 1 Quart
Alcohol 10,000 mg/kg 1 Pint-1 Quart
Table salt 4,000 mg/kg 1 Pint
Iron 1,500 mg/kg 1 Ounce-1 Pint
DDT 100 1 Teaspoon-1 Ounce
Strychnine 2 4 Drops
Nicotine 1 1 Drop
TCDD 0.001 Less Than 1 Drop
Botulinus toxin 0.00001 Less Than 1 Drop

* Average Adult of 70 kg
Adapted from Doull et al. 1980.



2,2',3.4>,5-PENTACHLORO8IPHENYl.

2^.4,5-TETRACHLOROBIPHENYL

NOT

3.4,5',6-TETHACHLOROBIPHENYL
NOR

rA*'.5'-TETRACHLOROBIPHENYL

Figure 1 PCB STRUCTURES AND NOMENCLATURE
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GLOSSARY OF TERMS

C
Oncogen

Carcinogen

Teratogen

Mutagen

kg

&

mg

Vg

ng

1

m1

nmol

Img/m1 of PCS

NIOSH

NCI

EPA

I ARC

see page 28

see page 29

agent causing abnormal development of embryo or fetus

any change in the character of the gene that is perpetuated

in subsequent cell divisions

kilogram (2.2 pounds)

gram (1/1,000 of a kilogram)

milligram (1/1,000 of a gram)

microgram (1/1,000,000 of a gram)

nanogram (1/1,000,000,000 of a gram)

liter (0.91 quarts)

cubic meter (of air)

nanomoles (1/1,000,000,000 of a mole of a substance)

approximately equals 0.0815 ppm (assuming a molecular

weight of 300)

National Institute of Occupational Safety and Health

National Cancer Institute

Environmental Protection Agency

International Agency for Research on Cancer
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Table 7

GENERAL SYMPTOMS OF "YUSHO" PATIENTS
===================

Subjective Symptoms Objective Symptoms
=================================

C l i n i c a l Results

1. General Fatigue

2. Headache

3. Abdominal pains
b. Numbness or pain of the Hubs

5. S w e l l i n g and pain In the Joints
6. Cough and sputum

7. Changes In menstruation

1. Bronchitis-1 Ike

2. Sensory neuropathyi

3. Bursltls
1. I n h i b i t i o n of growth

In chlIdren
5. S m a l l for date babies
6. Acneform eruptions on skin.
7. Increased pigmentation of

glnglva. skin and n a i l s .
8. Discharge from me I bomI an

glands.
9. Edema of face and eyes
10. Liver enlargement

1. High PCB Concentration
In fat and blood.

2. Increase of serum
neutraI I I p l d s .

3. Anemia
14. Reduced conduction v e l o c i t y

of sensory nerves.
5. Adrenocort lea I liypofunct Ion.

Adapted from Kuratsune 1976
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1. PHYSICAL - CHEMICAL PROPERTIES

Polychlorinaced biphcnyls (PCBs) are formed by chlorinating any one of ten

available carbon atoms cf the b'phenyl molecule (see Figure 1). In the commer-

cial synthesis of PCBs, the biphenyl molecule is chlorinated with anyhydrous

chlorine using either ferris chloride or iron fillings as a catalyse (Hut^inger

et al. 1974). The chlorination of the biphenyl structure cannot be controlled

strictly enough to generate only two pure, stereochemically homologous

products. Thus, the commercial preparations of PCBs are actually mixtures of

chlorinated biphenyls with varying chlorine content and chlorine position.

Since there are 10 available carbons to chlorinate on the biphenyl molecule,

there are a possible 209 different PCB isomers that can be generated, as seen in

Table 1. An estimated 40-70 different chlorinated biphenyl compounds can be

present in each of the higher chlorinated commercial mixtures. For example, Ar-

oclor 1254 contains 69 different molecules that differ in the number and posi-

tion of chlorine atoms. A scheme was developed to identify specific PCB isomers

from the many possible choices. The lowest possible numbers are always assigned

and the prime numbers are always given to the chlorine;* on the phenyl ring con-

taining the fewest chlorine atoms (see Figure 1). About half of the 209 possi-

ble chlorobiphenyls do not occur in any commercial preparations, and the

majority of those compounds are chose in which only one ring is completely or

predominantly chlorinated (Hutzinger et al. 1974, NIOSH 1977). For example,

there are no penta-, hexa-, or hcptachlorohiphenyl isomers in which one ring is

fully chlorinated, nor are there penta or hexachloro derivatives containing four

chlorine atoms on one ring.

PCBs have unique physical and chemical properties that have made them useful and



applicable to. many commercial needs. These properties -include thermal

stability; resistance to oxidation by acids, bases, and other chemic.il .agents;

excellent electrical insulation; fire resistance; and low volatility. A p.irtial

list of some pertinent chemic.il properties has been provided for i few PCB mix-

tures in Table 2.

2. PRODUCTION AND USES

The synthesis of PCBs has been known for over 100 years. It was first prepared

in 1867 by Griefs, who heated biphenylbis (diazonium) platinv.m chloride with sx>-

dium carbonate (IARC 1978). PCBs were tirst produced in 1929 by nhe Swann Chem-

ical Company, which was then purchased in 1935 by the Monsanto Company (Monsanto

1979). By 1964, there were at least six U.S. companies with registered trade-

marks for commercial brands of PCBs (IARC 1078). Commercial PCS products have

also been produced by Great Britain, Japan, Germany, France, Italy, Spain, Cze-

choslovakia, Poland, the USSR, India, Brazil and Argentina (NIOSH 1977, [ARC

1978). It has be cm estimated that ovo.r 1 lull ion pounds ol ['CDs wore sold in

North America alone (IARC 1978, Monsanto 1979) and they h.we bo.en in use in al-

most every industrialized nation of the world.

The physical properties of PCBs (as mentioned above) were applicable to many in-

dustrial situations and prompted tlicir use m many commercial areas (see Table

3). Because of their resistance to fire and breakdown by heat combined with

their electrical insulating <:;j|i.iln I i t ir>, they found numerous usos in tint eliv.:-

tricjl industry primarily in -.j\>, n;i(ors md Lrnn^ lornu-rs Tln-y wert« .ilsn uuiid

to be useful as lubricants, heat transfer liquids, .md hydraulic fluids. Unfor-

tunately, they were also utilized for many "open" applications where their emis-
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sions into the environment could not be controlled. Such uses included combina-

tions with plasticizers, inks, surface coatings for wood and cement surfaces,

adhesives, pesticide formulations as an extender, carbonless duplicating paper

and immersion oils for microscopes (IARC 1978, Monsanto 1979). Decachlorobiphe-

r.yl was also imported from Italy into the United States for use as A filler for

investment casting waxes.

Because of concern generated in the late 1960's concerning the environmental

persistence of PCBs, production of PCBs began to be phased out in the U.S. in the

early 1970*s. In 1971, the sale of PCBs was voluntarily limited to closed sys-

tem uses by the sole manufacturer at that time, and production was later com-

pletely discontinued in 1977.

It is important to note that, even with the cessation of PCB production per se,

other environmental sources of PCB may exist. For example, it has been reported

that some PCBs are products of DOT photolysis (Plimmer and Kligebeil 1973) and

Uyeta et al. (1976) reported the photoformation of PCBs from the sunlight irra-

diation of mono-, di-, tri-, tetra-, and hexachlorobenzines. Besides these

sources of PCBs, Gaffney (1977) reported the formation of various mono-, di-,

and trichloro-biphenyls resulting from the final chlorination of municipal

wastes containing biphenyl. Laboratory chlorination of influent and effluent

from a municipal wast* treatment facility also resulted in the formation of

these and other chloroorganic substances such as di- and trichlorobenzenes.
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3. OCCURRENCE

PCBs were first recogni/.od to be an <MivironmcnL.il contaminant in I'Job. In the

next few years, PCBs wen- identified in the «-nv ironmcnt worldwide .ind found to

have become a trace <.ont>iminant oven in those people not ocr.np.it iou.i 1 ly exposed

to them. Since the environmental occurrence of IJCBs has been discus-.ed ««xti:n-

sively in several articles (I'cakall l'J75, NIOSH 1977, IARC 1978, Wassermnn et

al., 1979, F.PA 1980) the following summary paragraphs w i l l only include j few

examples that illustrate the ubiquitous nature oi the I'CB contamination problem.

For example, PCBs have been found in:

3.1. Air. A Japanese survoy reported the the concentration of PCBs in urban air

range from 0.002 - 0.02 Vg/m1. A 1975 report on three American cities (Fort Col-

lins, Colorado; Jackson, Mississippi; and Miami, Florida) r«-v«-aled that the av-

erage concentration of I'CBs in air was 0.1 ug/m1 . To put these data into

perspective, the current ^overnmciiC standard for workroom air is only 0.1 yg/ro1.

It was estimated in I97r> that approximately 2 mi I lion pounds of I'CHs .ire depos-

i.ted and redistributed in thu U.S. yearly as rain and part if.ul.ite matter.

3.2. Water. It has been estimated that the waters of Lake Michigan contain 10

ng/1 of PCBs, while the average concentration measured in seawater from the Med-

iterranean was 13 ng/1. PCBs in the Hudson River have been measured as high as

2.8 mg/1 in the water and 6700 mg/k^ -n the sediments. Municipal water supplies

have been contaminated w i l l i up to ^(' u/,/I of I'CIK I rom paint < out i-nih.iied w i th

in excess of IV



3.3. Soils. A survey in 1972 revealed that while only 0.1% of the samples taken

from agricultural areas contained detectable amounts of PCBs, 63% of similar

samples from metropolitan areas had measurable levels.

3.4. Marine Organisms. PCBs have been identified in almost all planes and ani-

mals in the Atlantic Ocean. Residues in plankton have been found as high as

1.5 ppm, in mussels of 1.70 ppra, in shrimp of 7.0 pptn, in gray seals of 14.5

ppm, and in whales and dolphins, levels up to 147.0 ppm have been recorded.

3.5. Fish and Other Aquatic Organisms. Fish can bioaccumulate PCBs in the

rang* of tens of thousands to several hundred thousands of times greater than

the concentration of PCBs in water. Thus, it is not surprising to find report*

where fish from eastern rivers of the United States have had PCBs as high as 140

ppa in their flesh or fish from the Great Lakes have at one time contained levels

ranging from 2.7 • 26.0 ppm. Sardines taken from the Mediterranean have had 0.7

- 4.7 ppm, while sardines from other areas such as the Atlantic coast, Adriatic

Sea, France and Tokyo Bay had 0.3 - 0.4, 0.3 - 1.06, 0.7 - 5.1 and 1.0 - 11.0

ppm, respectively.

3.6. Birds. The highest concentrations of PCBs for any species are probably

those found in birds. Birds are often at the top of food chains and therefore

the most often affected by chemicals that can be bioconcentrated. Residues re-

ported in carnivorous, hunting spor. i«-s are .is follows: 14,000 ppm in white

tailed eagles, 2,000 ppm in pnregrin falcons, and 000 ppm in herons. Liver con-

centrations in gannets of England ranged from 4,720 - 9,590 ppm. Reduction of

avian populations by PCBs has been feared because of the excessively high resi-

dues measured and the fact that they n.:ay affect reproduction by altering the
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eggs themselves., causing neurological changes reducing fitness and defense, and

decreasing the immune logic defense against infectious diseases. PCBs have been

found in bird eggs at concentrations as high as several thousand ppm, although

they are more often reported in the 10-100 ppm range.

3.7. Man. Studies have shown that rcan is exposed to PC3s through the environ-

ment because they have been found in the fat or blood of porsons not occupa-

tionally exposed. Jelinek and Corueliussen (1976) calculated the daily intake

of PCBs in the diet of a teenage male at 8-15 ug/day for 1971-1975. Fat concen-

trations of the "normal" population can be several ppm with blood levels in the

ppb range. PCB levels are usually higher in the male population, and measurable

levels of PCBs have been reported in people from the U.S., England, Norway, Fin-

land, Motherland, France, Germany and Japan. Thus, it can be concluded that hu-

man PCB contamination from our environment is a worldwide phenomenon.

3.8. Food. PossiMy the m.jjor source of human exposure lo P('Bs has been our

food. Food may become contaminated in many ways including residues of pesticide

formations containing PCBs, migration from packaging made from recycled paper,

rainfall and particulate fallout onto crops, and, of course, from fish and meat

grown in contaminated areas. The extent of PCB contamination of food has been

monitored by the FDA and USDA since 1969. The results of some of the monitoring

is presented in Table 4. Current 1'DA tolerance levels are reported in Table 5.

The presence of PCBs in food declined over the years and this decrease corre-

lates with the decline in its industrial use tor this period.

3.9. Summary of Occurrence. There has been a sharp curtailment of 1 *B pro-

duction and dispersive use applications from a record high of 70 million Ibs in

11



1969. It is believed that it will take many years for ecosystems such as Lake

Michigan to b« cleaned of the PCBs even if no new input is made. Due to high ad-

sorption coefficient and resistance Co degradation, the PCBs have accumulated in

quantity in bottom sediments. The final environmental sink for PCBs is pre-

dicted to be degradation in the atmosphere and sequestration by irreversible

binding to metabolically stagnant sediments of lakes (Neeley 1977).

4. ANIMAL STUDIES

4.1. Pharmacokinetics and Metabolism. It is generally acknowledged that the

toxicological assessment of commercially available PCBs has been complicated by

the heterogeneity of the chlorobiphenyl mixtures. Marked differences exist in

the physical and chemical properties of each specific chlorobiphenyl that may

influence the rates of absorption, distribution, biotransformation and excre-

tion.

According to the scheme of Matthews and Kato (1979), PCBs are a Type HI class,

of halogenated aromatic hydrocarbons. As members of this class, one correctly

predicts that PCBs would be quite non-polar, readily absorbed orally, and slowly

metabolized. PCBs are almost completely absorbed by the gut, having a 92 -

98.9X efficiency of oral absorpcion in the rat which is largely independent of

the degree of chlorination for the dosage range of 5 - 100 mg/kg (Albro and Fish-

bein 1972). In another study in rats by Matthews and Anderson (1975), it was

found that PCBs are taken up from the blood initially by the liver (high perfu-

sion .and affinity) and muscle (large f»orc«nt of the total body mass). PCBs then

redistribute to the skin and adipose tissue (highest affinity, low perfusion)

such that the tissue concentrations ultimately equilibrate in the following or-

12
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der: adipose tissue > skin > liver •* muscle (Matthews and Andcrson 1975, Lutz et

al. 1977).

The absorption and the distribution patterns of the various chlorinated biphe-

nyls are similar, but metabolism is not. Studies have shown that cho ronochloro

and dichloro biphenyl compounds are extensively metabol ized, but that, increjs-

ing the chlorination decreases the extent of metabolism (Matthews and Anderson

1975). For example, in the rat the monochlorobiphenyl is metabolized 5 times

faster than the dichlorobiplieny 1, 25 times fastor than pentachlorobiplietiyl, <md

200 times faster than hexachlorobiphonyl (Lut;: et al. 1977). Thus, while the

mono and dichlorobiphenyIs are. extensively metabolized and excreted within

days, it was calculated that less than 20% of a single 0.6 mg/kg dos»e of 2. 2',

4. 4', 5, 5* hexachlorobiphenyl wo::ld be eliminated during the lifetime of the

animal (Matthews and Anderson 1975). The extent of chlorination and the posi-

tion of the chlorine atoms on the biphenyl ring both significantly alter the

rate of metabolism. Studies in mice and rats indicate that the hydroxylation

rate increases with the relative availability of adjacent unsubstitutod carbon

atoms (Tuhey and Matthews 1977, Mitzutani et al. 1977). For example, in mice

the tetrachlorobiphenyls are metabolized at rates such that the accumulation of

PCB is 2, 2' , 3, 3'=3, 3', 4, 4'<2, 2' , 5, 5'<2, 2', 4, 4'<3. 3' , 5, 51. When me-

tabolism of the mice was increased by induction with phenobarbital, the order

for accumulation was essentially the s.ime with 2, 2', 5, 5'<2, 2', 4, 4'*3, 31,

5. 5' leaving the authors to < OIK. lud«- thai tliis reflected tho rocalci Lrnncy of

the particular chlorinated biphenyl to be metabolized (Mitzutani et al. 1977).

Similar evidence has been provided in rat studies where adding chlorines at the

4 and 4" positions, thereby eliminating the unsubstituted vicinal carbons of 2,

13



2', 5, 5* tetrachlorobiphenyl, dramatically lowered the rate of metabolism (Mat-

thews and Anderson 1975, Tuhey and Matthews 1<)77).

The ability of PCBs to induce hepatic enzymes and thereby increase metabolism

has been well documented (Litterst and Van Loon 1972, Litterst et al. 1972, Tes-

ta and Jenner 1976, Ecobichon and Comeau 1975, Johns:.onc et al. 1974 and Gold-

stein et al. 1977). PCBs are very effective inducing agents whose potency on a

molar basis far exceeds that of phenobarhital or DOT and are capable of causing

a 1001 increase in r.ytochrome P-450 at the relatively low dose of 5 mg/kg (Lit-

terst and Van Loon 1972). However, the position and degree of chlorination on

the biphenyl nucleus still plays <in important role in the effects elicited.

Ecobichon and Comeau (1975) found that to enhance oxidative metabolism, chlori-

nation at the 4 or 4' position was required. They and others have also reported

that increased chlorination increases the amount of induction seen (Litterst et

al. 1972, Johnstone et al. 1974 and Goldstein et al. 1974). Goldstein and co-

workers (1974) domonstraced lliul w h i l n I'C.ti mixtures can induce both i.ytochromt*

'P-450 and cytochrome P-448, cytochrome P-450 is always induced by isowers in

which chlorines are present at the ortho and para positions regardless of the

extent of chlorination, while symmetrically chlorinated biphenyl isomers with

chlorines in the meta and para positions only induce cyctochrome P-448.

The metabolism of PCBs is also of intercs1.. because of its possible relationship

to the compound's toxicity. The formation of an arene oxide during the hydroxy-

lation of PCBs has been suggested from studies demonstrating dihydrodiol meta-

bolites and NIH shifts in deuterium and chlorine atoms placed at the para

position (Matthews et al., 1978, Oaly et al., 1972). Arene oxides of certain

polyaromatic hydrocarbons (PAH) are known to bvnd to nucleic acids and it h.is

U
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been postulated that the interaction of these reactive molecules with nucleo-

philic sites of DNA and other macroraolecules leads to the induction of tumors.

Thus, it has been hypothesized that arene oxide formation of PCBs may also lead

to alkylation of critical cellular sites thereby inducing cancer (IARC 1978, EPA

1980, Alien and Norbeck 1973). However, there are several differences between

PCBs and PAHs that should also be considered when suggesting such a mechanism.

For example, while there is a good correlation between the mutagenicity of PAHs

in the Ames assay and their carcinogenicity in rodents, such is not the case for

PCBs. Only monochlorobiphenyl is positive in the Ames assay, while the poly-

chlorinated biphenyls were not (Wyndham et al. 1976). Here it appears that the

decreased metabolism with increased chlorination would reduce the likelihood of

formation of a reactive metabolite necessary for interacting with the DNA.

Therefore, the reduction of metabolism and lack of mutagenicity associated with

increased chlorination of the biphenyl ring is in direct opposition to the pro-

position that an arene oxide intermediate, capable of genotoxicity, is responsi-

ble for the tuoorogenic effects of highly chlorinated biphenyls. It should be

noted that phenathrene, which is probably the PAH most closely related to biphe-

nyl by structure, is not mutagenic in the Aroes assay (McCann et al. 1975) and

does not induce tumors in newborn mice, nor does the epoxide of phenanthrene

(Grover et al. 197S). On the basis of structure activity, relationships of

PAHs, it would seen more prudent to predict that PCBs would be more likely to act

like the noncarcinogen phenanthrene than the carcinogen benzanthracene. More

recently, it has also been suggested that the actual ultimate carcinogen among

the PAHs is a dihydrodiol-epoxide metabolite which is ouch more mutagenic and

carcinogenic than the parent compound (Kapitulnik et al. 1977). Since epoxide

formation becomes less likely with Increased chlorination of the biphenyl nucle-

us, it would seem that formation of dihydrodiol epoxide intermediates are un-
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likely to correlate with either observed tumorogenicity. Another feature of PCB

metabolism that should be considered when postulating potential mechanisms for

cancer induction is the species differences in the rate of metabolism. Rased

upon the formation of reactive metabolites leading to tumor induction, it may be

possible to induce cancer in rodents but much less likely to do so in primates or

man. This steins from the finding that rats metabolize and eliminate 76". of a

dose of PCBs in 3 days while primates eliminate only 2*4 of the same dosage for

the sane interval (Van Miller et al. 1975). Thus, not only would mutational

events leading to cancer be less likely to occur in primates, b-.ic DNA repair me-

chanisms would also be much more likely to prevent the permanence of any muta-

tional event.

4.2. Acute & Subchronic Toxicity. Several reviews of the mammalian toxicity of

PCBs have appeared in the last decade (Fishbein 1974, Kimbrough 1974, Peakall

1975, NIOSH 1977, IARC 1978, EPA 1980). Therefore, an exhaustive review of the

literature will not be offered here. A summary of the pertinent acute side ef-

fects of PCBs in animals follows.

LD, '$ are large for most species tested. In rats, the acute lethal dose ranges

from 4,000 mg/kg - 16,000 mg/kg and increases with the chlorine content of the

mixture tested (Fishbein 1974). The acute toxicity of PCBs may be classified as

slightly toxic to non-toxic as described in Tables 5 and 6 (Doull et al. 1980).

Skin disorders similar to those seen in humans have been observed in monkeys,

where facial edemas, hair loss and acne occur at oral doses of 250-400 rag (Alien

et al. 1974). PCBs applied directly to the skin of rabbits induce hyperkerato-

sis, erethyma, blisters and desquamation (IARC 1978).
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Endocrine effects are another change elicited by PCBs. Estrogenic activity,

which is possibly related to effects on steroid metabolism, has been reported in

rats (Higuchi 1976). In primates, PCB exposure results in prolonged menstrual

cycles and increased bleeding (Barsotti et al. , 1976).

Other symptoms reported in various species include: gastric hyperplasia. thymic

atrophy, decreases in red blood cells and lymphocytes, splenic atrophy, and an

increase in the serum level of triglycerides, cholesterol and phospholiuids (for

review see NIOSH 1977, IARC 1978, Higuchi 1976 and EPA 1980).

4.3. PCB Contaminants. No discussion of the toxicity of the polychlorinated

biphenyls can be complete without stressing the possible role of trace contam-

inants of PCBs, e.g., the polychlorinated dibenzofurans. For example, embryo-

toxicity of the PCBs has been attributed to chlorinated dibenzofurans present as

trace contaminants in the commercial preparations. Subsequently, tetra-,

penta-, and hexachlorodibenzofurans wore detected in a number of American prepa-

rations of PCBs (e.g., Aroclor 1248, 1254, 1260). Concentrations of the indi-

vidual polychlorodibenzofurans were in the order of 0.1 mg/kg of the PCB.

Chlorinated dibenzofurans have been considered as possible causes of embryonic

mortality and birth defects observed in PCB-feeding experiments in birds. The

polychlorinated dibenzofurans are structurally related to the chlorinated di-

benzo-p-dioxin, some of which are highly toxic, teratogcnic. and carcinogenic.

A number of possibilities exist to account for the presence of polychlorodi-

benzofurans in commercial PCB mixtures. One explanation considers the presence

of the parent compound (dibenzofuran) in the technical grade biphenyl subjected
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yf to the chlorination process. It is also conceivable that polychlorinated dibert-

zofurans may b« produced from PCBs in the environment.

It should be stressed that the transformation of only 0.002% of a major constit-

uent of an Aroclor mixture to the corresponding chlorinated dibenzofurans would

produce concentrations in the mixture corresponding to the values reported by

Vos et al. (1970) as toxicologically significant.

5. MUTAGENICITY

The Antes assay utilizes Salmonella typhimurium to detect reverse point mutation

at the histidine locus. Only monochlorobiphenyls have demonstrated any activity

in the Antes 1538 tester strain. In this same study, the polychlorinated biphe-

'^ nyls such as 2, 2', 5, 5* tetrachlorobiphenyl, 1254 and 1260 were negative

(Wyndhaa ct al. 1976; Safe, EPA 1980).

Green et al. (1975a) have demonstrated that PCBs do not cause significant clas-

togenic effects in bone marrow or sperm cells of the rat even at high doses. Ar-

oclor 1242 was given at a single dose of 1250 - 5000 mg/kg and at 500 mg/kg for

four days (a regimen causing the condition of the animals to deteriorate), while

Aroclor 1254 was given at doses of 75 - 300 mg/kg for five days. These findings

are consistent with the lack of chromosomal aberrations observed in human lym-

phocyte cultures with doses of 100 mg/kg Aroclor 1254 (Hoopingarncr et al.

1972).

The possible mutagenicity of PCBs has been studied by Green et al. (1975b), us-

^* ing the dominant lethal test. There was no statistically significant increase
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in the number of dead implants, again at high dosages of Aroclor 1242 and 1254.

Keplinger et al. (1971) also employed tlio dominant lethal assay and reported no

evidence of mutagenic effects for the Aroclors. Polychlorinated biphenyls do

not have significant mutagenic potential.

6. REPRODUCTION

Studies in various species indicate that PCBs do not affect conceptual rates in

animals. Calundra (1976) studied Llm effects ot Aroclor 125-V and \2t>Q in rats

through three generations. In the first generation of offspring, he found no

changes related to treatment in the mating index, in the second generation he

found reduction, and in the third generation he found results similar to those

of the first generation. Calandra concluded that there was no suggestion of any

alteration in response in succeeding generations. Similarly, Linder et al.

(1974) found no effect on reproduction in Sherman strain rats exposed through

two generations at dietary levels of 5 ppm. Exposure of rats to 50 mg/kg/day of

Aroclor 1254 or 100 mg/kg/day of Aroclor 1260 also did not affect reproduction

(Linder 1974). In the rabbit, Villcncuve et al. (1971) found no decrease in the

number of pregnancies in animals fed 0.1 or 1.0 mg/kg body weight of either Ar-

oclor 1221 or 1254. Finally, female rhesus monkeys given Aroclor 1248 at 2.5 or

5.0 ppm in their diet and bred to untreated males had normal conception rates

CBarsotti et al. 1976).

Other indices of reproductive toxic ity -*o.rc similary unchanged by PCBs. Calan-

dra (1976) noted that neither of the reproductive tracts of male nor female rats

were affected following exposure to PCBs. Dikshith et al. (1975) reported that

Aroclor 1254 produced no histopathological changes in the testes or epididymis,
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^^ nor did this Aroclor 1254 cause significant chromosomal damage or arrest sperma-

togenesis in the male rat. Animal studies indicate that there is l i t t l e reproduc-

tive risk associated with exposure to PCBs, a f i n d i n g which agrees w i t h the lack

of reported f e r t i l i t y problems in humans af ter exposure or consu-nption of PCBs.

7. BIRTH DEFECTS

Aroclor 1242, 1254, or 1260, at doses up to 30 mg/kg administered to rats during

the organogenic period of gestation, did not produce excess embryotoxicity or

morphological defects (Calandra 1976). Other experimental evidence documents

the lack of adverse effects of PCBs on either embryo or fetal development. Lin-

der et al. , (1974) reported that administration of Aroclor 1254 to pregnant rats

^^ at 100 mg/kg/day on gestational days 7-15 did not produce any grossly abnormal
•̂•f

offspring. Although only 30% of the offspring of mothers exposed to 100

mg/kg/day survived until weaning, greater than 20% of the treated mothers died

prior to delivery. The 20% maternal mortality produced by the treatment sug-

gests overt maternal toxicity contributes to neonatal mortality. The increase

in liver weights noted among these offspring was sporadic and not dose related,

which minimizes the likelihood that the increased liver weight reported was a

specific PCB-induced effect. In other studies, Aroclor 1254 administered daring

gestation again resulted in no fetal morphological abnormalities or reduction in

viability (Villeneuve et al. 1975). PCBs also did not induce terata in pups

born of dans fed the equivalent of 12 ppm in the diet or in piglets of sows fed

the equivalent of 50 ppm in the diet. However, increasing these consumptions by

4 to 30 times apparently results in some form of terata (SIOSH 1977). These data

cannot be properly evaluated since they have not been published. Doses of PCBs

up to 500 mg/kg were not teratogenic in mice when given on gestational days 1
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through 6 or on. g«srational days 7 through 11 (Toeruek 1973). S i m i l a r l y , feed-

ing pregnant Monkeys Aroclor 1248 at levels of 2 .5 , 5 or 25 ppm did no: produce

malformations (Alien et al. 1974, Barsotti 1976 and Alien and Barsotci 1976).

However, because of overt maternal toxicity resulting from exposure co the high-

er levels, abortions were common, as wel l as reductions in fetal body weights.

PCBs have not significantly altered embryo or fetal development in either ro-

dents or subhuman primates and there appears tc be little teratogenic risk asso-

ciated with exposure to PCBs.

8. CARCINOGENICITY

The polychorinated biphenyls (PCBs) present distinct problems when attempts are-

made to estimate a potential cancer risk to man from data developed in rodent

studies. The crux of the dilemma is the need for a relevant interpretation <•>( an

excess incidence of liver tumors in roJ.cnts fod certain PCBs. Simil.ir ^u.-blcms

in interpreting hazard, based upon an excess of rodent liver tumors, luva K«!«»n

experienced for a number of other structurally-related persistent, halogenated

organic compounds. Included among these related compounds arc* DOT. dirKlrin,

rairex, KeponeO, hexachlorobenzene, polybrominated biphenyls, 2.3,7.8 uarjchlo-

rodibenzu-p-dioxin (TCDD) and hexachlorodibenzodioxin. Thft polyhalogenated di-

benzofurans, naphthalenes, and terphenyls which are related structurally, have

not been tested for a c ircinogrnic effect. Most of tin- chemicals im-ntioned are

of special concern, since they are p«-i-. istont in mammals once they have been ab-

sorbed and poorly degraded in the environment. While most of the chemicals re-

presenting these classes are commercial products, the polyhalogenated dibenzo-

dioxins and dibenzofurans occur only is contaminants of other products. The

following expanded discussion of oncogonesis and carcinogenesis emphasizes the
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comparative pathology of lesions produce.! in the liver of ro-iencs by u'..ronic PCB

administration.

8.1. What Mechanisms Provide for the Expression of Carcinogenicity or Onco-

genicity? For the purpose of our discussion and, as opposed to NCI suggestions

for classification (which are discussed later), cancer will he defined tradi-

tionally. Cancer is the production of life threatening malignant tumors, of po-

tentially unlimited growth that cxpami locally by invasion and sys comically by

metastasis. A chemical is by delinition only a catxiuogcn undur tliosr condi-

tions which irreversibly initiate somatic mutations, promote uncontrolled neo-

plastic transformation and ultimately produce cancer. A ctiemical will be

defined as a carcinogen only under limited circumstances. Several hormones and

elements are essential at physiological levels and carcinogenic at toxic levels.

A chemical is only a carcinogen under conditions which irreversibly initiate and

ultimately produce cancer.

Initiation is defined as the production of djm.i^e to DNA which is of a magnitude

sufficient to be sustained but of a n-iture which permits cell survival and pre-

disposes the capacity of uncontrolled ;;routh. Oils ccMitaining dam.Jj»«<l DNA can,

under certain circumstances, act as tut st<;m cells for the formation of clones

of cells containing heritable mutations. Mutagenicity is defined as the pro-

duction of permanent alterations in HIP Rt-nomo . The rM.uod proc.-ssos <-»t somat-

ic mut agenesis and initiation luvr ilu- pot <-i\i i.i I to .ilu-r tho >;.-iiume of any

cell. An altered genome inevitably increases the probability of dysfunction.

Cancer is cellular regulatory dysfunction expressed as irreversible and uncon-

trolled growth. Heritable somatic mutations which result in the initiation of

genes responsible for cellular regulation increase the probability of producing
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cancer.

Most mammalian genes exist in allelic pairs. Evidence from somatic cell hybri-

dization studies indicates that the malignant phenotype appears to be recessive

for non-viral induced cancers. Consequently, a recessive sotratic mnt.it ion in

one of the alleles would not normally be expected to manifest itself as cancer

until a second mutation occurred in the remaining normal allele c.irried in the

same cell. The probability of two independent mutations occurring in the same

allelic pair of genes in the same call i.s extremely rare. llowov«r, given enough

mutations in enough cells and a prior inheritance of subceptable genes through

the germ line, the chance of having a cell with both alleles of a critical gene

being mutated and thereby producing cellular dysfunction becomes not just proba-

ble but very likely. In the case where there is a history of a spontaneous inci-

dence of cancer in the test animal, dysfunction is inevitable and the question

changes from whether or not cancer will develop to how much and how soon can-

cer will develop. Liver cancer, which is very common in the rat and mouse, has

been shown to be an example of this process. Cancer risk increases with time,

primarily because the magnitude of initiation is a cumulative probability.

Rodent liver tumor causation is ofren reterred to as multifactorial. This is

just another way of saying many indirect factors can alter the incidence of tu-

mors. Total calories, fat com on t. vitjmin E, stress, crowding, .ind sex of the

host can all influence tumor incidence. Th.^rrfore. in order to be specifically

defined a carcinogen, rather tlun .1 f x.ior of unknown mechanism, a compound must

be an initiator. Initiation, cue b a :•>'.. i-.ned modii icat ion of genes via specific

alteration of somatic cell to CSA, is dose dependent. Thus, whether and when a

chemical is or is not defined as a carcinogen is dependent on dose. How then do
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we categorize compounds which increase the observed incidence of tumors when the

data available describing the tumors are not sufficient to strictly or unambig-

uously classify the tumor as cancer?

Promoters have been postulated to act not as initiators but through modulation

of gene expression and cellular communication. The molecular mechanisms of pro-

moters are more varied than those of initiators which must alter DMA. Included

among the known mechanisms of promotion is the ability to control various genes

which provide a selective growth advantage. We w i l l define promotion as the

ability to enhance the selective proliferation of previously initiated cells.

By definition promotion cannot occur until a critical gene is initiated. The

DMA of dividing cells replicates proportionately to the rate of cell division.'

DNA is more susceptible to mutation by chemicals during replication. Silent nu-

tations of dormant cells are more likely to be expressed during replication.

Wounding, growth stimuli, necrosis, inflammation, or certain chemicals can se-

lectively and rapidly allow cells containing the mutated gene to form a clone of

semi-initiated cells. A rapidly dividing clone of initiated cells containing one

mutation of a critical gene obviously enhances the probability per unit time of

initiating a second mutation of the remaining normal allele. "Foci" or "Areas"

discussed in detail later are likely clones of cells rapidly developing in re-

sponse to chronic injury inflicted by PCB troatm«>nt.

How can we account for progression as well as regression of minors? The biolog-

ical environment controls normal growth, d«vclopment, and maturation. These

controls constrain the growth of cryptic in situ cancer. When these controls

deteriorate, as in old age, or are overwhelmed by external influences, cancer

develops. The growth of most cells with malignant phenotype in healthy animals



is repressed by. contact with normal cells through 3 process called contact inhi-

bition. Snail oolecules and mac romo Ire-ales responsible for contact inhibition,

including membrane antigens, .ire readily transferred between cells. Therefore,

even if a mutation, reducing critical gene products controlling differentiation

and growth, occurred in one gene of a uell, uhe close physical prosence (contact

inhibition) of normal cells would contribute to maintaining the required level

of gene products. The net riffect is that healthy tissue can usually repress the

tendency of initiated cells to proliferate. When initiated cells do proliferate,

cells in the conter of the forming clone will !>c subjected to less and less con-

tact with normal cells. Less control increases the opportunity for the clone to

further undergo differentiation or incorporate a second mutation during the pe-

riod of proliferative activity. After a homozygous mutant is formed, the like-

lihood of either a normal homozygous or heterozygous cell being able to transfer

enough of the needed gene produces even by direct contact is greatly reduced.

Escape from the anti-proliferative influence of normal cells is also enhanced by

the establishment of a critical miss of nr.itated colls; such a critical mass also

aids the clone in evading immune surveillance.

Our hypothesis is based on the basic assumptions that each somatic c«ll of the

differentiated mammalian organism (rat, mouse or man) contains the same genes;

each cell type has only a f>w specific genes in the active state; each differen-

tiated cell type has specific gene products; and the various differentiated

cells of the organism contain receptors whuii differentially respond to specific

sets of environmental signal . II ui- .issumu that molecular signals, detected by

the membrane can all be transferred \.c tin; nucleus and then to specific genes, a

mechanism by which a multi-differentiated organism can specifically respond and

adapt to the environment has bo*-n constructed. Receptors of various cell types
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are not likely to be equally influenced by any chemical since they are coded by

different genes. Therefore, it is only reasonable that there are tissues where

the production of mutations may or may not be expressed as dysfunction.

Gene dosage is a related phenomenon whereby the effective level of gene products

is determined by phenotype. The quality as well as the quantity of selected

gene products influence the maintenance of the non-proliferative state via mes-

sengers for the receptors producing cell-division repression. Cell proliferation

will occur if cells producing cell-division represser messengers are destroyed,

modified or disrupted by chemicals, surgery or wounding; if the ability of re-

pressors to act is inhibited; or if the receptor type or numbers have been al-

tered by mutational or epigenetic repression. If the damage is reversible,

cells may retain the ability to restore the original number, levels, and state

of gene products. Under such conditions, the cell is capable of reestablishing

feedback control over proliferation/differentiation.

Any event facilitating a second mutation of a gene resulting in a cell type

homozygous for the neoplastic phenotype will facilitate eventual progression of

the resulting cell line into a disease state expressed as malignant, true breed-

ing, metastasizing tumors. Agents that only promote the ability of preexisting

phenotypes to be expressed would be expected to accelerate the rate of develop-

ment but not necessarily create a new disease type. Therefore, appropriate di-

agnosis of cancer would be accomplished by making comparisons of malignancy only

at points in time when spontaneous lesions in the controls and induced lesions

in the treated occur at the same incidence. Processes only promoting cancer in

situ would be expected to regress upon removal of the promoter and not change

the ratio of metastasizing to nonmetastasizing tumors. It is noteworthy that
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such often appears to be the case with liver cancer in rodents produced by cy-

clic chlorinated compounds.

A compound can increase cancer cither by initiation or selective proliferation

of clone(s) of naturally occurring neoplastic cells or by a combination of both

processes. Tissue compound interaction characteristics mediate the expression

of these basic processes and ultimately the presence or absence of tumor devel-

opment. A compound is an incomplete carcinogen when it only initiates or only

promotes. For example, when the level of administration of an initiatior is not

sufficient to kill any or many cells and a hyperplastic response is not

produced, other sources of promotion are needed to amplify the growth character-

istics of initiated cells. If, on the other hand, the exposure to an initiator

kills or injures many of the target cells, the rapid growth of progeny of the

surviving initiated cells will be triggered by the process of repopulating the

organ. In this case the initiator, through its cytotoxic action, is both direct

initiator and promoter and, therefore, a complete carcinogen. If a compound is

present at a level which promotes selective growth of cells with neoplastic phe-

notypes but does not sustain compound induced mutations, the compound would be

functioning only as a promoter. Since both promotion and initiation are inde-

pendently dose- and time-dependent and tissue, sex, and species sensitivities

vary, the definition of a compound as an initiator or promoter is dose, duration,

and route, as well as tissue, sex, species, and time-dependent.

It will be documented later that PCBs do not increase the incidence of tumors at

any site except the rodent livor. Liver cell death, trauma and hyperplasia are

all produced by PCBs and can be expected to yield conditions favoring prefer-

ential growth of cells with dormant neoplastic phenotypes. Liver tumors are a
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^^ common part of the natural disease process of rodents. One can safely general-

ize that the tumorigenic properties of PCBs to the rodent liver result at least

in greatest part from alteration of the horaeostasis of control mechanisms.

Thus, changes seen in rodents with a natural history of high incidence of liver

tumors must be interpreted carefully. Toxic response and promotion must not be

mistaken for initiation.

8.2. Comparison of the Characteristics of Oncogens and Effects of PCBs
t

1. Oncogens produce increases of spontaneous tumor ac selected sites. PCBs

produce liver tumors.

2. Tumors produced by oncogens usually do not increase the metastatic charac-

teristics of spontaneous tumors of the same site. PCB increased liver tu-

/f± raors do not metastasize.

3. Oncogens do not produce transplantable tunors unless the naturally occur-

ring tumor is capable of transplantation. PCB tumors do not transplant.

4. Tumors influenced by oncogens are often affected by factors such as nutri-

tion, stress, chronic injury, and sex of the animal. Liver tumors are af-

fected by these factors.

5. Oncogens need not be mutagenic. PCBs are not mutagenic.

6. Neoplastic lesions increased by oncogens may be reversible. PCB increased

liver tumors regress.

7. Progression of differentiation ol neoplastic lesions increased by oncogens

often ceases when stimulus is removed. Continued presence of PCBs is re-

quired to sustain liver neoplasia.

8. Neoplastic effects of oncogens are usually associated with the chronic dys-

function of the affected site. PCBs produce chronic hepatotoxic responses.

28

rrulug* umi nmnmmrnl



9. Oncogens da not necessarily increase the effect of carcinogens acting at the

target site. PCBs reduce the response of several other liver carcinogens.

10. Oncogens affecting the liver often increase microsotnal enzyme activity and

eventually produce evidence of metabolic dysfunction. PCBs stimulate LME

and produce metabolic dysfunction.

11. Oncogens rarely if ever increase tumor incidence at exposure levels produc-

ing no toxic effects. PCBs are tumorogens only at toxic doses.

12. Oncogenic effects often require continued presence of the stimulus. Contin-

ued presence of PCB is required to sustain neoplastic alterations of the

liver.

8.3. Comparison of the Characteristics of Carcinogens and the Effects of PCBs

1. Carcinogens usually produce neoplastic lesions at multiple sites. PCBs only

increase lesions of the liver. '

2. Carcinogens often increase the malignancy of spontaneous tumors at the same

site. PCB increased liver tumors are of low malignancy.

3. Carcinomas irreversably progress once a critical tissue mass is

established. PCB increased tumors can regress.

4. Carcinogens produce tumors which metastasize. PCB increased liver tumors do

not metastasize.

5. Carcinogens produce lethal tumors. PCB increased liver tumors are not le-

thal.

6. Carcinogens produce transplantable tumors. PCB increased liver tumors do

not transplant.

7. Carcinogens are often effective at single exposures. PCBs increase liver

tumors only after prolonged continuous exposures.
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8. Carcinogens are often active at nontoxic doses. PCBs only increase liver

tumors at hepatotoxic doses.

9. Carcinogens are initiators. PCBs are not initiators and therefore not car-

cinogens.

10. Initiators are mutaj;ens. PCBs are not mutagens and therefore not

initiators.

It is apparent that the neoplastic effects of PCBs match the definitions of an

oncogen and do not match the definitions of carcinogens.

8.4. What Has Been Characterized as Cancer In The Bioassay Literature? There

has been great controversy over the relevance and nomenclature of rodent hepatic

lesions. Most of the controversy surrounds the uncertainty associated with the-

diagnosis of cancer histologically prior to progression to the classical malig-

nant state.

The National Cancer Institute sponsored a workshop on the classification of he-

patocellular tumors and related lesions of rats. There were 20 participants. A

recommended classification and nomenclature of the liver lesions resulted

(Squire and Levit 1975). These recommendations were not unanimous and have not

been universally accepted, but are utilized in many of the government supported

reports of PCS carcinogenesis. The following definitions reflect the SCI posi-

tion. Comments have been added when relevant to emphasize the general effect of

the NCI recommendations that can be characterized as enforcing an expansive phi-

losophy in defining the neoplastic potential of liver lesions.
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8.5. Cholangiofibrosis (Adenofibrosis). This lesion is characterized by foci or

areas of hyperbasophilic, atypical ducts in a fibrous stroma. Fn most, cases,

there later develops an excessive formation of collagen or of <ystic glandular

spaces. These lesions could bo the "clones" referred to ojrlior. The nature of

the lesion is controversial but was not considered proc/irc i.pogoiiic by Stewart

and Snell (1957).

Adenofibrosis referred to by Kitnbrough is identified as the cholangiof ibros is

referred to by Ito Kimbrough and Ito have observed adenofibrosis in rats and

mice that were fed PCBs. The PCBs tested by Kimbrough, producing adenofibrosis,

were contaminated with trace amounts of chlorinated dibenzofurans. Adenofibro-

sis can but does not always occur concomitant ly with hepatocellular carcinoma in

rodents. Although increased incidence of hepatocellular tumors have also been

reported in rodents after exposure to DOT, Dieldrin, Mir«x. and Kepone, these

compounds do not produce adenofibrosis liver pathology. Kimbrough speculated

that it is possible the PCBs cause .idcnof ibros is through lipid po.roxidation,

while Mirex, Kepone, DOT, and Dioldrin do not.

8.6. Foci OP Areas of Cellular Alteration. The choice of the term "foci" versus

"area" has traditionally depended upon the judgement of the pathologist. The

term "foci" is used for small lesions less than 1 liver lobule in size. The term

"area" was recommended by NCI for designating lesions .ippr.-\\inutoly ,1s large as

or larger than a lobule. The primary alterations involve the tinctorial quali-

ties and textural appearance of the (.y topi asm of hepatocytcs, and the recom-

mended terms are purely descriptive. There is no obvious disruption of the

liver architecture, and the plates of affected cells merge without demarcation

with surrounding liver tissue. Affected liver cells may be larger or smaller
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than normal hepatocytes, and some nuclei may be enlarged, vesicular, or hyperch-

~ romatic and have large nucleoli. The cells in ground glass or eosinophiiic foci

are usually enlarged due to jn increase in cytoplasm. The cells in basophilic

foci have a diffuse cytoplasmic basophilia and may be larger or smaller than

normal liver cells. Clear cells are usually normal in size or somewhat larger.

The nature of these lesions is conv roversial . Some feel that the basophilic

"foci" or "areas" have greater significance with respect to tumor development

than do the other cellular alterations. Most agree that "foci" or "areas" are

cytologically similar to the cellular elements of neoplastic nodules and some

feel that "foci" or "areas" may possibly be part of the spectrum capable of pro-

gressing to the formation of nodules. These lesions must be considered to b«

functionally equivalent to clones.

9
8.7. Neoplastic Modules. This term was suggested by NCI to replace "hyperp las-

tic nodules." The term describes spherical lesions that usually occupy an area

equivalent in size to that of several liver lobules in which the normal liver

architecture is absent within the nodules. Hepatocytes within the nodules are

similar to those in foci or areas and may show mixtures of the cytoplasmic al-

terations. Mitoses and varying degrees of nuclear atypia including enlargement,

hyperchromasia, doubling in number, and enlarged nucleoli are sometimes

present. The cells may be arranged in solid or jumbled sheets or in irregular

plates, one or more cells thick. Sinusoids may be compressed by enlarged hepa-

tocytes or show varying degrees of dil.it ion or cctasia. Portal areas are usual-

ly not present, although in rare cases they may be localized inside the nodules.

An important feature is the architectural distortion and sharp demarcation of

the nodule from the surrounding 1 iv«r around at least a portion of its
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periphery. The plates of nodules' cells are usually not continuous with those

of unaffected liver; rather they impinge perpendicularly or obliquely upon the

tangentially arranged normal plates. The latter are often narrowed due to com-

pression by the expanding nodule.

The NCI decisions to recommend the term neoplastic nodule was based uuon tho NCI

conclusion, not universally shared, that the experimental and biological evi-

dence available justified it. The NCI evidence is interpreted as suggesting

that such nodules .are proliforativo lesions, .ind few would arctic this point;

however, NCI goes one step farther and states that nodules ire known to be in-

duced by carcinogens and, at the least, nodules indicate an increased probabili-

ty for the development of hepatocellular carcinoma. Most workers would agree

that chronic injury will result in proliferative lesions but most workers would

also agree that, at least initially, these lesions have the capacity to regress

upon removal of the agent causing injury. Chlorinated compounds present unique

problems because their persistence complicates experiments studying removal of

the agent. It should be pointed out, however, that these lesions are typical of

other compounds such as phenobarbital. The difference is that phenobarbital is

rapidly excreted. The induction of proliferative lesions due to chronic cellu-

lar injury is part of a predictable biological response and should not be con-

fused with similar lesions that arr- associated with the irreversible process of

carcinogenesis.

Neoplastic nodules are considered by NCI and others to represent part of the

spectrum of response elicited by hepatocarcinogons in rodents. However, this

view is not shared by all scientists in the field. Persons subscribing to this

thesis suggest that areas of alteration will develop, that some of these will
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become nodules and that some of the nodules will in time transform inco hepato-

cellular carcinomas. A number of carcinogens have produced this spectrum of re-

sponse. It is cautioned that there need be no difference in the observed

response spectrum even when the chemical producing the nodule is an ui,ambiguous

genotoxic carcinogen or one of the polyhalogenated cyclic hydrocarbons.

8.8. Hepatocellular Carcinoma. The diagnosis of hepatocel lular carcinoma by NCI

is based upon characteristic histological and cytological features whose corre-

lation with cancer NCI claims is well documented in the pathology literature.

This definition eliminated the necessity of observing several classic endpoints

including invasion, metastasis and lethality.

Hepatocellular carcinomas, by NCI definition, are usually considerably larger

and more irregular than neoplastic nodules, and they may involve major portions

of liver lobes. At the periphery, they compress or extend into the surrounding

parenchyma. Trabecular carcinomas may bo classified as well to poorly differen-

tiated, depending upon their resemblance to normal liver. Tumor cells are in

broad sheets or in plates one to several cells in thickness. The latter are ha-

phazardly arranged in linear, papillary or pseudoacinar patterns. Tumor cells

may also be individualized or in isolated nests and cords enveloped by lining

cells. A histological variant of hepatocellular carcinoma is the carcinoma with

a predominantly glandular, papillary pattern, resembling adenocarcinoma.

According to NCI, much variability in lesion architecture is permissible. For

example, the tumor cells may resemble normal hepatccytes, or they may be en-

larged or anaplastic in less well differentiated tumors. The cytoplasm may be

clear, eosinophilic or hyperbasophilic, and nuclei are frequently enlarged and
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hyperchromatic. Multiple nuclei and mitotic figures may be present. This ex-

cessive incluaiveness and lack of strict minimal criteria were necessary if

lesions produced by polyhalogenated cyclic hydrocarbons were to be consis-

tently diagnosed as carcinoma.

It was concluded by NCI that benign hepatic cell tumors, i.«., without potential

for malignant behavior, could not be consistently diagnosed. Therefore, terms

such as "adenoma" were not recommended. It was also agreed that the term "hepa-

toma" was imprecise in its usage and was not recommended for any of the lesions

under discussion at the workshop.

The recommendations developed by NCI allow for the inclusion of proliferative

lesions that are clearly capable of regressing when the stimulus is removed.

Detection of vascular invasion or met.istases in contrast to tradition was not

considered by SCI to be rssontial tor tho diagnosis of he-pa t̂ ':e! lul ,ir carcinoma.

The utilisation jf inclusive cyto logical criteria to define what might have the

potential to become the disease process we call cancer was accomplished at the

expense of including many responses which will never progress, invade, metasta-

size or kill.

8.9. What Level of Confidence Can be Placed on Liver Tumors? Over the past

several years, 54 or 21"., of the 230 iliemic.ils tested by the National Cancer In-

stitute (NCI) have been found to induce hop.itoce I lular neoplasms in rats Jnd/or

mice. What predictive power do tinse results hold for estimating risk to the

human disease CANCER?

If we are to make rational decis-x-s, we r...st .ipprr>ciatr> die comparative patho-
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genesis of rodent liver neoplasia. The hepatocellular neoplasms of mice have

variously be«n referred to as liver tumors, hypcrplastic nodules, type A or B

nodules, and hepatocellular adenomas and carcinomas (Ward and Vlahakis 1978,

Frith and Ward 1979, Butler and Newbernt 1975). The biological behavior of

these nodules has been and continues to be a subject of heated debate.

It has been demonstrated, at least in some systems, that some of the poorly dif-

ferentiated small nodules can grow progressively to larger nodules that are

transplantable and metastasize to other tissues (Ward and Vlahakis 1978, Wil-

liams et al. 1979). The small and/or better differentiated nodules (sometimes

called hyperplastic nodules, adenomas, or type A nodules) are usually not

transplantable and do not metastasize (Butler and Newberne 1975). The morpholo-

gy and biologic behavior of these nodules are similar to those of adenomas in
^^ other murine tissues (Ward and Vlahakis 1078). However, foci of trabecular car-

cinoma often appear in those adenom.is (Frith and Ward 1979, Ward and Vlahakis

1978).

The larger and/or less differentiated nodules (termed hepatocellular carcinomas

or type B nodules) usually appear morphologically different from small nodules

(Frith and Ward 1979), A few carcinogens induce hepatocellular neoplasms that

appear the saae from the time they are small tumors (early stages) until they

become metMtatlc tumors (Butler and Newberne 1975, Wnrd et al. 1979). Some le-

sions have been classified by curtain authors as hyperplastic nodules without

evidence that they were not neoplastic or did not represent the early stages of

carcinoma.

f There are reports (Ito et al. n76, Periano et al. 1973) that indicate that he-
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patocellular nodules in mouse liver may regress if exposure to th<> alleged car-

cinogen is discontinued dt a specified time. Studies with other carcinogens de-

monstrate this does not always occur (Frith and Ward 1979, Butler nnd Newberne

1975).

An extreme view suggests that all hepatoce I lular neoplasms originate as carcino-

mas (Stewart 1975); therefore, chemicals inducing these tumors art' c ircinogons,

even if the c.ircinomas do not invade or mut.istas ize. A more moderate view is

that some, but not all, liver tumors termed adenomas, hypcrplastic nodulos or

type A nodules may represent an early stage of carcinoma formation (Ward and

Vlahakis 1978). When evaluating the following oncogenicity studies, the reader

is cautioned that the meaning given certain terminology is that of the original

author's and no attempt has been made to provide translations.

8.10. PCS Oncogenicity and Related Studies. The polychorin.itod biphenyls

(PCBs) present distinct problems when attempts are made to estimate a potential

cancer risk to nan. Hie crux of the dilemma is the need to develop a relevant

interpretation of cancer risk from reports of an excess incidence of rodent liv-

er tumors of unknown etiology. The effects covered in the following expanded

discussion of liver toxicity emphasize lesions produced by PCBs in the liver of

rodents.

8.10.1. General Hepatotoxic Effects. Polychlorinated biphenyls in-

duce microsomal mixed-function oxidases and cause hepatomegaly in ro-

dents and other mammals. Hepatomegaly has been interpreted by

Kimbrough to be the result of the hypertrophy of individual Impato-

cytes. Hyperplasia liso oommonly occur.s and increased mitoti<. activ-
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ity can occasionally be noiod. Hr|».iUu:yU's enlarge ami m.iy accumulate

lipid in Cheir cytoplasm. At the i; 1 trust ruetura \ level, enlarged he-

patocytes show an increase in smooth endoplasmic reticulum and inclu-

sions within the cytoplasm, which nppaar like concentric whorls,

surrounding lipid var.uoles. Morphologic changes in the mitochondria

have also been described (Kimbrough et al. 1972). In addition to

these alterations, PCBs induce experimental hopatic porphyria (Gold-

stein et al. 197^). Fn the rat, experimentjl hrpatic porphyria only

occurs in the Sherman strain rnma'e. This observation indicates a

unique sensitivity for the Sherman female rat. On microscopic exam-

ination, an increase in macrophages and prominent Kupffer cells con-

taining brown ceroid pigment and necrobiosis of liver cells is

prominent. Lipid accumulates in the cytoplasma of hepatocytes, re-

sulting at times in hep.-jtor.yios with foamy c.ytoplasm.

Acute as well as chronic r.oxi:: Lty of PCBs has been studied in rats,

monkeys, mice and cows (DliEV 1976, Kimbrough, et al. 1972, Alien, et

al. 1976) and the organ i.ons ;M.-nt ly affected was the liver. For ex-

ample, when male Sprague-Dawley rats were fed a diet containing mix-

tures of PCB isomers (Aroclor 12iS, 12=5A ,md 12621 it .1 concentration

of 100 ppm in tli»; diot fn: >j u i - i : - . , t l i - t i - w.i.s ,in im:r«*iiM< in their se-

rum lipids and cholesterol anu > LI a:is tent increase in tr iglycei'ides

accompanied by distinct morphti I igir.al chdtiges in the liver (Alien et

al. 1976). Generalized liver hyi" i •. ropliy and focal areas of hepato-

cellular degeneration '..'TR tollow-u hy ,j wide spectrum of n-pnir proc-

esses. The tissue levels of rCH ut--e greater in the animal receiving
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the high chlorine mixtures and high h-vols persisted after the PCB

treatment had been discontinued.

8.10.2. Neoplastic Effects. Nishizumi, (1970) studied the effects on

mouse and monkey liver of long-term oral administration of polychlo-

robiphenyls (PCB), 1.5 mg/day or more, at selected intervals by light

and electron microscopy. Hepatocytes of treated mice contained large

amounts of acidophilic materials in the cytoplasm, and fatty vacuoles

were observed later. Structural changes in the hepntocytes consisted

of a marked increase of smooth endoplasraic veticulum, a reduction of

rough endoplasraic reticulum, "myelin figure" formation in the cyto-

plasm, and an increase of microbodies and lysosomes. A marked in-

crease in lipid droplets was observed later. Results of electron

microscopy evaluation of monkey liver showed an increase of smooth en-

doplasmic reticulum in the hepatocytcs and swelling in the Kupffer

cells, with an increased number of lysosomes and vacuoles. Judging

from the findings by electron microscopy, characteristic lesions of

liver cells were produced by PCB administration. Kimura and Baba,

(1971) observed similar changes in the liver of rats. Grossly, all

the rats ingesting more than 700 mg of PCB showed hypertrophy of the

liver. Pinhead- to pear-sized (sic.) round and pale brown flocks or

nodules were scattered on Ui« »nr f'.n-.i- and on t!»o cut-surf.ic:<- of the

liver of all the fumalu rats in tin- c.xpnrimnntal group ingesting more

than 1,^00 mg of Kanechlor-400. None of the male ratb showed such vi-

sible nodular changes in the l i v e r in spite of having ingested a cor-

responding or even higher amount of PCB than females. Again a female

rat selective sensitivity is observed.
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Microscopically, changes in the liver of experiment.il rats showed

fatty degeneration and multiple adenomatous nodules. The former was

seen, irrespective of sex, in all the animals of the experimental

group, but only in 2 females in the control group. The latter, which

appeared to be a benign neoplastic lesion, wns seen in all the female

rats investing more than 1,200 mg of Kanechlor-400 as predicted by the

gross examination. In sharp contrast, however, th» liver specimens of

the male rats rovealed no such nodular ch mges, even in the anim.ils

who had ingested a comparable or higher amount of Kancchlor-400 than

females.

Lung abscesses, pneumonia, spleen atrophy, and intracranial abscesses

were found frequently in the experimental group, and this suggested

that the resistance of the rats treated with Kanechlor-400 to in-

fection was lowered. Depilation also appeared frequently in the ex-

perimental group, especially in the females when the PCB intake

amounted to about 600 mg. PCBs induced benign adenomatous nodules

exclusively in female rats.

Nagasaki et al. , (1972) studied the hspatocarcinogenic effects of po-

lychlorinated biphenyls in dd mice. Strain dd mice with an average

weight of 19.Og wore used. A total of 114 mice were divided into the

following 10 groups and the animals were fed on a basal diet (Oriental

NMF) supplemented with various kinds of polychlorinated biphenyls,

Kanecrol-500, Kanecrol-400, and Kanocrol-300, which are classified by

the number of chlorines, purchased from Kanegafuchi Chem. Co., Osaka.

The groups were as follows: Group 1, 500 ppm Kanecrol-500; Croup 2.
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250 ppm Kanecrol-500; Group !3, 100 ppm Kjno<rul-500; Group ~, 5i»0 ppm

Kanecrol-400; Group 5. 250 ppm Kancc-.rol-400; Croup t>. 100 ppm

Kanecrol-400; Group 7, 500 ppm Kanecrol-.lOO: Group 8, 250 ppm

Kanecrol-300; Group 9, 100 ppm K'anocrol-300; Group 10. basal diet

alone. Each group contained 6 to 12 mice. The animals were givon wa-

ter and the experimcntal dioc freely. After 32 weeks, mice wore s.u.-

rificed with ether and examined liistolo-icnl ly.

Grossly, 7 of the 12 mice (58.13",,) in Group 1 had many tumors in the

liver. The liver increased in weight, and had a rough surface with

multiple tumors up to 0.2 to 1.0 cm in diameter. In other groups, ex-

cept in Groups 1 to 3, no remarkable changes were observed in the liv-

er of mice. Microscopically, hepatomas were observed in the liver of

mice in Group 1. Some area of nodules showed an adenomatous pattern.

Many uecrotic foci were seen in Group 1 animals. Nuclear irregulari-

ties and mitotic figures were frequently seen in nontumorous a:oas of

the liver in Group 1. Howo.ver. microscopical changes in Uie liver

were not observed in Groups -» to 1.

The hepatomas induced in mice by the Kanecrol-500 of polychlormated

biphenyls appeared similar to those induced by the o-isomer of ben-

zene hexachloride. Kanecrol-400 and Kanecrol-300 had no carcinogen-
»

ic activity in the liver of mice.

Kimbrough, et al. (1072) fed male v.id f^malo Shcrman strain rats poly-

chlorinated biphenyls Aroclor 1260 and Aroclor 1254 at 0, 20, 100, 500

and 1,000 ppm in their diet. Rats received the dietary levels for
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eight months. Light microscopic changes consisted of hypertrophy of

the liver cells, inclusions in the cytoplasm, brown pigment in Kupffer

cells, lipid accumulation, and, at the higher dietary levels, adcsno-

fibrosis. Ultrastructural changes in the livers of exposed animals

consisted of an increase in smooth endoplasmic reticulum and atypical

mitochondria. Lipid vacuoles were occassionally surrounded by con-

centric membranes.

The epithelial component of adenofibrosis consisted of goblet cells and

cells that resembled the epithelium that lines the bile ducts. In gen-

eral, the effect of Aroclor 1254 on the liver was more pronounced than

that of Aroclor 1260.

Alien and Abrahamson (1973) fed rats diets containing 0.1* of three

polychlorinated biphenyls (PCBs) (Aroclor 1248, Aroclor 12S4, Aroclor

1262) for six weeks; these rats showed a progressive enlargement of

the liver. This liver hypertrophy is attributed to proliferation of

the smooth endoplasnic reticulum, development of large membranous

concentric arrays, and increase in lipid droplets within the cyto-

plasm of the affected liver cells. Liver homogenates had increased

levels of protein and RNA and reduced concentrations of ONA, while the

microsoaul fraction had increased levels of protein and phosholipids,

and reduced levels of cholesterol. Also, there were modifications in

the activity of certain hepatic microsomal enzymes. By the sixth

week, the animals progressed from a stimulatory effect on the liver by

PCBs to a stage where regressive hepatic changes were occurring, such

as a decreased activity of micrnsoni.il enzyt.ies. dissolution of concen-
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t r ie membrane arrays, ves i c t ih ic ion of the i M i d o p l . i : > m i c rot i cu ium, ,ind

accumulation of l ip id droplets w i t h i n the cytoplasm of the a l ' f ec tud

cel ls .

Ito et al. (1973) studied the e f f e c t s of teclinic.il grade po lych . lo r i -

natcd b i p h o n y l s ( R G B s ) on mouse l i v o r h i s t - ' l o g i c a l ly ,ir.d - i l l r a s t ruc-

t u r a l l y . P a t h o l o g i c s t u d i o s W P P C . i ; s o m-ide on tht ^ f f i - r . t - s of PCBs on

tumor ij;etii!S is . m h i < , - d by boM/.em1 ' l u -x . i c l i ior i de !"!!(,') in i:ious'- I i v •• ••.

NVoplas t i C changes W ( ; r i - ( - b s « - r \ . i ' i l i n l i > . v r s :> t ' i i < . . - ><••[ i i i . i s . i : l i ' - i

con t J in ing 500 ppm of the i ' l ' H , Kd iU ' i . ! iK- r S O O . for :<2 w o c k s . A m y l o i d

degeneration in the liver of mic^ was observed in groups fed a diet

conta in ing lower concentrat ions ot PCJBs . His to lo<; ica l ly < ind u l t r a -

s t ruc tu ra l l y . the nooplast ic areas of mouse livx-r inducod by PCBs <.p-

peared to bf> typical of rodul. ir h y p e r p l a ^ i a s and wol 1 -•.! • 1 f o r e n t i a t e d

hepatoce I lu lar carc inomas in«. l i ic i>d by U I I C . rtu- c l f o c L s of I 'CDs on ueo-

plastic changes induced by icorners of BUG in the l iver of mice fed a

diet containing BHC w i t h or wi thout CCBs w.is determined. On ly those

receiving 100 or 50 ppm of Uu; o - ibomer developed n o d u l a r hype rp l a s i a

and hepat'.H.d l u l a r carcinoma. ! i u w f v i > r , jmong tlie groups foci BHC p lus

PCBs, on ly those r ece iv ing 100 or 3u pi;m of a - H I I C or 250 01 100 ppm ot

B - D I I C dcvu loped n o d u l a r l i v p i " ; i | i 1 . 1 . ( : • • ! l i ' - ; . i l • ! . « • I ! > i I . i e • I M M K I I H . I .

Groups fed T-HHC w i t h or w i L h . m t I 'C l l s '.id nol s l iow ncopl i s L i c cluingos

of the liver. PCBs themselves increased hepatic neoplasms in mice

and also added to the increase m tumors induced by a -QHC and

B - B H C .

B u r s e , e t a l . M T 7 4 ) fed i a . ; i ' < > p-« of A r - . , ; U , i 1J^2 t f t . f r vo 3.S"



ngAg/day) or 100 ppm Aroclor 1016 (6.1 to 3.5 mg/kg/day). Plasma,

kidneys, urine, brain, liver, and adipose tissue were analyzed for po-

lychlorinated biphenyl (PCB) residues at 0.5, 1, 2, 4, 6, 8, and 10

months of exposure. In nHditional groups fed the experimental diet

for 6 months, PCB tissue 1 • Ms wore determined ?.. 4, 5, and 6 months

after the exp- sure to PCPs UMS d isr.ont inuod. P''Hs up.rv highest in

adipose tissue where a str.idy sr.itc was .ipproachril j:i 2 and reached in

4 months. Little PCB-derived nureriil was excreted in urine.

After discontinuing 'CB rxpcsure, Aroclor 1016 was eliminated more

rapidly from the organ than Aroclor 1242. Measurable residue levels

were still present after 5 (Aroclor 1016) and 6 (Aroclor 1242) months

of recovery. Microscopic examination of the liver showed enlarged

liver ceils with vacuolated cytoplasm and inclusions. Kimbrough and

Linder (1974) fed two groups of 50 BALB/cJ inbred male mice 300 ppm of

a polychlorinated biphenyl, Aroclor 1254, in the diet for 11 and 6

months, respectively. The 6 months' feeding was followed by 5 months'

recovery. Two additional groups of 50 mice each were fed plain chow.

All 22 surviving mice fed Aror.lor 1254 for 11 months had greatly en-

larged livers representing 25"., of thoir body wrjght, whereas those 1 od

the experimental diot for 6 months only had slightly, but significant-

ly, enlarged livers. Adenofihrosis was observed in all 22 livers of

mice fed Aroclor 1254 for 11 months but not in thn other groups. Of

the 22 mice fed 3(M) ppm Aroclor 12C>I for II months, 10 had hepatomas

measuring 0.1-1.5 cm in diameter. One of 24 surviving mice fed Aroc-

lor 1254 for only 6 months, followed by a control diet for 5 months,

had a hepatoma 0.3 cm in diameter. No controls had hepatomas.



Ito, et al.., (1974) observed liver weight increases in groups on ditts

supplemented with Kanechlor-500, -400, or -300, the increase being

greatest in the group that received 1,000 ppm of Kanechlcr-500. In

several groups, irregular-shaped yellowish nodules of up to 1.0 cm in

diameter were seen on the liver, but no cirrhotic changes were de-

tected.

No hepatocellular carcinoma was seen in any of the rats, but areas of

cholangiofibrosis were found in the liver of rats given 1,000 ppm of

Kanechlor-500, -400, or -300. Nodular liyperplasia was found in 38 -

12.0*. of the animals given Kanechlor-500, 30 ~ 12.5% in those treated

with Kanechlor-400. and 6 ~ 4.5% of those wnich received

Kanechlor-300. The incidence of nodular hyperplasia of the liver was

highest in the groups given Kanechlor-500 and lowest in those given

Kanecli lor-300. Oval cell proliferation and bile duct proliferation

were seen in all groups of animals treated with Kanechlor. Hyper-

trophic changes of liver parenchyma 1 cells in centrilobular areas

were clear in groups that received 1,000 ppm of Kanechlor-500 or -400.

Amyloid degeneration of the liver was seen only in the group given 100

ppm of Kanechlor-400. No remarkable changes were seen in other organs

of either experimental or control rats.

Makiura, at al., (1974) Studied the effects of polychlorinated biphe-

nyls (PCBs) on liver carcinogenesis in rats treated with the hepatic

carcinogens 3'methyl-4-dimethylaminoazobenzene (.3* -Me-OAB), N-2-

fluorenylacetamide (2-FAA), and/or d-o.thylnitrosamine (DEN). Animals

were examined nistopathologically after they had received '.he e\p-
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erinental diet for 20 weeks and then the stock iUct for 4 weeks. Liv-

er tumors developed in 65.2, 53.S, and 92.3* of rats ;n groups created

with 0.03% 3'Me-DAB, 0.015% 2-FAA, and 0.0025% DEN, respectively.

Rats that received 0.05% PCB only did not develop l-ver tumors, and

those treated with PCB and the carcinogens developed only a few

tumors. Multiple liver tumors do.veioped after treatment with C.03%

3-Me-DAB plus 0.0025% JEN (92.3% incidence) and 0.015',, 2-FAA plus

0.0025% DEN (81.8%); after treatment with these combinations plus

PCB, the incidence of liver tumors was very lew or zero. Histologic

examination showed that PCB inhibited development of nodular hyper-

plasias, oval cell infiltration, and bile duct proliferation as well as

hepatocellular carcinoma induced in the liver by the chemical carcino-

gens.

Ito et al. (1974) induced nodular hyperplasias but not hepatocellular

carcinomas in rats with PCBs. Some of the findings confirmed those of

Kimura and Baba (1973). These studies showed that all kinds of Kanech-

lor are tumorigenic in the rat liver. Marked cholangiofibrosis (ade-

nofibrosis) was seen in the rat liver.

Kinbrough et al. , (1975) utilized bherman strain female rats (200) fed

100 ppa of a polychlorinated biphonyl (Aroclor 1260) for approximate-

ly 21 months, and kept 200 fsraale rats as controls. The rats were

killed when 23 months old. Twenty-six of 184 experimental animals and

one of 173 controls had lesions interpreted by histologic criteria as

hepatocellular carcinomas. None of the controls but 146 of 184 exper-

imental rats had neoplastic nodules in their livers. Areas of hcpato-
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cellular alteration were noted in 28 of 173 concrols and 182 of 184

experimental animals. Thus the polychlorinated biphenyl Aroclor

1260, when fed in the diet, was interpreted as having a hepatocarci-

nogenic effect in these female rats. It is worthy of note that hepato-

cellular carinoma was based on the controversial NCI definition. The

incidence of tumors in other organs did not differ appreciably between

the experimental and control groups. Hepatocellular alterations were

observed in a high percentage of the control animals.

Nat. Cancer Inst., DHEW Publication No. (.NIH) 73-838 (1978) reported

the bioassay of Aroclor 1254 for possible carcinogenicity. The biojs-

say was conducted by administering the test chemical in feed to Fisch-

er 344 rats. Groups of 24 rats of each sex were administered Aroclor

1254 at one of three doses, either 25, 50, or 100 ppm, for 104-105

weeks. Matched controls consisted of groups of 24 untreated rats of

each sex. All surviving rats were killed at 104-105 weeks. Mean body

weights of males and females receiving mid and high doses and females

receiving low doses of the chemical were consistently below those of

the corresponding controls, beginning at about week 10 of the study.

The decrease in survival among males, but not among females, showed a

significant dose-related trend. Adequate numbers of aninuils of both

sexes survived for meaningful statistical analyses of the incidences

of tumors.

The combined incidences of lymphomas and leukemias showed a signif-

icant dose-related trend in males (controls 3/24, low-dose 2/24,

mid-dose 5/24, high-dose 9/24, P = 0.009). However, the direct com-
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parisons of each dosed group with those of the matched controls were

not statistically significant, and the tumors cannot clearly be re*

lated to administration of Aroclor 1254.

Hepatocellular adenomas and carcinomas were found in the dosed

groups, but not in the controls (males: mid-dose 1/24, high-dose

3/24; females: mid-dose 1/24, high-dose 2/24). Additionally, a high

incidence of nonneoplastic hype.rplastic nodules was noted in the

dosed animals (males: controls 0/24, low-dose 5/24, mid-dose 8/24,

high-dose 12/24; females: controls 0/23, low-dose 6/24, mid-dose

9/22, high-dose 17/25). Although the incidences of tumors were not

significant, the occurrence of the hyperplastic nodules appeared to be

related to administration of the chemical.

In the stomach, jejunum, or ';ecum, adenocarcinomas were observed in

two dosed males and in two dosed females as well as a carcinoma in one

dosed male. None of these lesions was found in control animals in

this study. Historical incidences of these tumors at this laboratory

(6/600 males [1%], 2/600 females (0.3%) suggest that the lesions, al-

though not statistically significant, may be related to the adminis-

tration of Aroclor 1254. It was concluded that under the conditions

of this bioassay, Aroclor 1254 was not carcinogenic in Fischer 344

rats.

8.11. Tumor Initiation Modification. The effects of PCBs on carcinogenicity of

various chemicals have been investigated by numerous groups. Kanechlor-500 in

combination with 3'methyl-4-<Umothyljminoazobenzene, N-2-fluorenylacetanide
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and diethylnitrosamine in the diets of rats markedly decreased the formation of

hepatocarcinooas (Makiura, et al. 1974). Kimura et al. demonstrated that pre-

treatment with Kanechlor-400 in diets of rats 4 months prior tc and 2 months

during treatment with 3'methyl-4-dimethylaminoazobenr.ene protected the rats

against the formation of hepatocarcinomas induced by this carcinogen. RGBs were

shown to add to the effects of BHC by Ito et al. (1973). These findings suggest

that in terms of effects on tumor igones is, timing is important in t!i« applica-

tion of PCB to the diets of laboratory animals. Treatment with the PCBs prior to

the administration of a carcinogen can result in reduction of the tumor

response, whereas treatment concurrent with a oncogen can result in enhancement

of the tumorigenic response. The inhibitory effects of the PCBs were assumed to

be due to the induction of hepatic microsomal enzymes, while the enhancement was

ascribed to the additive hepatotuxic properties of the PCBs.

The two-stage system of mous» skin tumorigenesis allows one to evaluate crit-

ically the initiation and promotion phases of carcinogenesis individually. This

system allows one to study the effects of modifiers on initiation and promotion

separately in a skin carcinogenesis assay. The results of Berry et al., (1979)

demonstrate that PCBs possess the capacity to decrease tumor initiation in a

mouse skin assay and that at the doses utilized, PCBs had no initiating or pro-

moting properties. Berry, et al. (19/1)) tested PCBs for promoting activity in

mouse skin with a high (200 nmol) initiating dose of DMBA. In a 30-week treat-

ment period, the normal DMUA- in i'. iaied. TPA-promoU-d controls yielded approxi-

mately 8 papillomas per mouse. PCBs (at doses of 100 yg/mouse given twice

weekly) did not promote the development of skin tumors. When tested without

DMBA initiation, 1'CBs did not -lomonstrate any carcinogenic activity. PCBs did

not produce any observable skin lesions. The ant icarc inogenic effects of Arr.i -



lor 1254 appear to correlate well with their ability to induce monooxygcnase en-

zymes of the skin. These experiments suggest that pr<?treatment gives rise to an

increased rate of inactivation of the DMBA molecule relative to the rate of ac-

tivation in mouse skin. Although these data point to induction of oxidative

biotransformat ion as a possible mechanism for the inhibitory efteccs exhibited,

other mechanisms could be operating. I'ossibil ities include induction in epider-

mal tissues of nonoxidative m«-t.'ibol ic pathways such as epoxide hydrauase,

glutathione-S-transferase, UDP-glucuronosyltransferase and others. Other

possibilities include effects on DNA-repair systems and on the distribution of

the carcinogen to the critical target site(s).

8.12. Immunosuppressive Effects on Tumor Calls. PCBs have also been reported

to act as immunosuppressive agents (Vos and Beems 1971, Vos and De Roij 1972,

Roller and Thigpen 1973). Since a suppressed immunologic state in the host can

enhance the generation and growth of tumors (Burnet 1970, Gatti and Good 1971,

Perm and Starzl 1972, Heberman 1974), Kerkvleit and Kimeldorf (1977) conducted a

study to determine the effects of host exposure to PCBs on tumor growth per se,

utilizing a transplantable tuoor in rats.

Aroclor 1254, dissolved in corn oil, was incorporated into specially prepared

powdered diets at levels of 1, 100. 400 or 600 ppm and fed to groups of male and

female Sprague Daw ley rats, eight of each sex per group. Subsequently three ad-

ditional groups of 20 male rats were placed on diets containing 0, 5 or 25 ppm

PCB. Following 30 days of exposure to the contaminated diets, the animals were

inoculated with the Walker 256 carcinosarcona. The tumors were allowed to grow

for nine days, during which time the animals remained on their respective diets.
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The mean tumor weights of all PCB-fed groups were significantly smaller ciian the

mean tumor weight of their sex-matched control after the nine-day tumor growth

period. In both male and female rats, the magnitude of tumor weight inhibition

directly correlated with the concentration of PCB in the diet. Although female

rats consistently showed smaller tumors than their male counterparts, the degree

of tumor weight inhibition observed at each dose level was comparable in both

sexes.

The results of this study demonstrate that PCB (Aroclor 125~) exposure can in-

hibit the growth of at least one experimental tumor, the Walker 256 carcinosar-

coma in rats. The tumor inhibitory response of PCB was dose-related.

8.13. Are Chlorinated Hydrocarbons Different? Recent reviews of specific

classes of chemical carcinogens indicate that correlation with mutagenesis de-

pends, in part, on the chemical class (McCann et al. 1975, Andrews et al. I978a &

b, Ueno et al. 1978). It has been stated that certain compounds, especially

persistent chlorinated compounds including PCBs, increase the incidence of only

liver tumors in mice and that these tumors may not be malignant (Butler and

Jones 1978). Halogenated chemicals are the most numerous class of chemicals to

induce rat or mouse liver tumors alone and most are known not to be mutagenic.

Nonmutagenic chemicals causing rodent liver tumors must act by epigenetic mech-

anisms.

The following facts emerge from the SCI bioassay program for polycyclic balogen-

ated compounds:

1. 29 compounds studied by NCI representing 7 classes but excluding the cyclic ^
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polychlorinated series, produced tumors in mouse liver as well as tumors at

other sites;

2. 24 of these 29 compounds were positive in the Ames System;

3. Ten of 11 chlorinated polycyclic compounds tested by NCI produced only

liver tumors in mice;

4. Four of the 10 chlorinated polycyclic compounds that produced liver tumors

did so in only one sex;

5. None of the NCI tested chlorinated polycyciic compounds producing only tu-

mors in mice produced tumors at sites other than the liver; and

6. One of the 8 tested compounds was positive in the Ames system.

When cyclic polychlorinated chemicals are excluded, 83% of the compounds produc-

ing tumors in mouse liver and it other sices are positive in the Ames system.

Cyclic polychlorinated compounds producing cither mouse and rat liver tumors in

the NCI bioassay are positive in the Ames System only 12°. of the time.

A review of the carcinogenic, mutagonic, and hepatotoxic literature reveals that

PCBs meet many of the criteria for producing benign neoplastic lesion and there-

fore may be oncogenic. Cyclic polychlorinated compounds, however, produce tu-

mors and Ames system responses different from most other carcinogenic compounds.

PCBs are not positive in the Ames' system and do not produce tumors at sites oth-

er than the rodent liver. PCBs arc unlikely to produce neoplastic ••-t'fects

through genotoxic mechanisms. Sevoral carcinogenesis bioassays have been con-

ducted and, with the exception of Kimbrcugh et al. (1975), all authors con-

cluded that PCBs may be oncogenic but not carcinogenic.
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8.14. Carcinogenicity Summary. The experiments conducted with FCBs reveal

that:

1. PCBs cannot be initiators because PCBs are not mutagenic;

2. PCBs are not promoters of genotoxic initiators of liver tumors and, in fact,

inhibit 3'-Me-DAB, 2-AAF and DENA;

3. HCBs are not promoters of DMBA in mon>o skin anJ, in fact, inhibit the car-

cinogenic process;

4. PCBs act additively with the hepatotoxin BHC in increasing liver tumors;

5. PCBs do not enhance the carcinogenic process through impiiirment of the im-

mune system as demonstrated by inhibition of Walker 256 carcinosarcona

cells;

6. Liver lesions produced by PCBs appear to have the capacity to regress;

7. PCBs only produce neoplastic lesions of the liver. No tumors have been pro-

duced at any other site;

8. Extraordinary levels of PCBs must be. accumulated before neoplastic changes

in the liver are observed;

9. Only one of many studies, that of Kimbrough et al. (1975), has reported PCB

induced carcinoma. None of the tumors invaded or metastasized and the PCB

used, Aroclor* 1260, was of unknown purity; nnd

10. When only liver tumors are produced t>y polycyclic chlorinat«:-l compounds, the

relevance and correlation to human cincer risk is small.

Table 8 summarizes the carcinogen ici.ty testing of PCBs.

8.15. Conclusion. The question is, does an experiment utilizing prolonged expo-

sures at high levels to PCBs, which reportedly increases the incidence of liver
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cancer in a single sex of a single strain, document j hazard of increased human

cancer at environmental exposures. The conclusion of thi:» review is that PCBs

have not been demonstrated to be carcinogenic in an animal model oi significant

relevance to man, and do not present a cancer hazard at environmental levels of

exposure.

9. EFFECTS OF PCBS IN HUMANS

Possibly the best evidence of what effects PCBs have in humans comes from the

"Yusho" incident that occurred in Japan. In 1968, approximately 1,291 people in

southwest Japan were affected by an exposure of 1-2 grams of PCBs that was ing-

ested in a rice oil contaminated with a Japanese brand of PCBs known as Kanech-

lor 400 (Kuratsune 1976, Higuchi 1976, IARC 1978). For c breakdown of the

41^^ symptoms observed, see Table 7.

Approximately half of the patients complained of a variety of neurologic dis-

tresses such as headaches, numbness, hypothesia and neuralgia. Most of the

headaches were transient, but some recurred over a period of months to years.

Higuchi (1976) has concluded that most of these probably arose from emotional

stress or migraine conditions and were not related to PCB exposure. Measure-

ments of nerve conduction velocities in Yusho patients revealed, however, that

up to 50% of the 20 patients studied had lower than normal sensory nerve con-

duction velocities but normal motor nerve conduction velocities (Higuchi 1976).

Higuchi (1976) originally considered the possibility of adrenocortical hypo-

function, but findings in the patients did not support this hypothesis and post-

^ mortem examinations did not reveal nny unusual *dror.ocortical morphology.
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Female patients., 60», did suffer uhmonn.il monstrual <-.yclus but the < d >.•.£ -s were

mixed; some suffered prolonged intervals of menstruation while others hod short-

ened or irregular intervals. Determinations of urinary estrogens revealed a de-

crease; a possible explanation of this finding is an increased degradation of

estrogens because of increased liver metabolism (Higuchi 1976).

Hematologic examinations of Yusho patients revealed a slight leukci.ytos is and

monocytosis and serum levels of IgA and IgM were generally decreased. Surpris-

ingly, serum indicators of liver damage s-ich as GOT, GPT and bilirubm wi-rn nor-

mal. Thus, although PCBs can cause liver injury in experimental animals, as

many halogenated hydrocarbons do, the clinical evidence at Yusho indicates that

this is not a prominent toxicity in humans (Higuchi 1<>76, Kuratsun<> 1176).

Nonetheless, microscopically observed changes hive been seen in liver biopsy

samples, but the major finding, an incre.iso in the- smooth endopljsmic reticuium.

is interpreted as representive of thn induction of the hepatic enzymes for oxi-

dative metabolism, a finding predicted from animal studies and not an indication

of toxicity. Analysis of other serum parameters also suggested :\ disruption of

normal lipid metabolism. Serum triglycerides were elevated while cholesterol

was not.

Of 43 affected children examined, 23 boys sliowod di'i.ri'j.̂ 's in In i.Jii .ci.l wi-ighl

gain compared to unaffected children, while !9 girls did not >litfer from :he

control group (Higuchi 1976). Also, sonn- of the infants born to women affected

by Yusho were smal 1-for-date. These iuo findings are fi-it to Miygt««.i that high

doses of PCBs may retard growth in children. The other symptoms in m-wborns in-

cluded dark-brown pigmentation, parchment like skin, eruption of teeth and larg-

er than usual fontanelles indicating transplacrntal passage of PCBs to thn fetus
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during gestation.

Probabiy the most common symptoms and the ones, largely icsponsible for the iden-

tification of Yusho's disease were eye and skin problems. These consisted of

acneform eruptions, follicular accentuation, swelling cf the eyelids with dis-

charge from the eyes and increased pigmentation of the skin. Unfortunately,

even though the chloracne was not a permanent condition, it was a discomfort-

ing disfigurement that lasted for a period of months to years. (Kuratsune et

*l. 1972.)

While the above effects described in Yusho patients provide a picture of the

possible consequences suffered by overexposure to PCBs, the exact cause of these

disturbances is of some debate. The type of PCB mixture contaminating the rice

oil, Kanechlor 400, has been discovered to contain polyolilorinated dibenzofu-

rans (PCDFs) at concentrations as high as 18 ppm (Kuratsune et al. 1972, Higu-

chi 1976, EPA 19SO). Measurements of the rice oil used by Yusho patients

revealed that the PCBs ranged from 1 - 3,000 ppm while the PCDFs were 5 ppm (Ku-

ratsune 1976, Nagayama et al. 1976). The 2, 3, 7, 8, tetrachlorodibenzofuran

isomer is an extremely toxic chemical causing liver damage, chloracne, birth de-

fects and cancer in experimental nnimals (Huff et al. 1980). Therefore, it is

not known which of the side effects seen in the Yusho disease can be attributed

solely to PCBs (Vos et al. 1970.) and, if cancer is found in the future to have

been significantly increased in this group the source of induction will remain a

question. (NOTE: The dibenzofurans found in the PCBs in Yusho incident are

1,000 times higher than those usually measured in PCBs).

Besides the Yusho incident, there arc other recent reports in the literature
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concerned with the effects of PCBs in humans. Ouw et al. (1976) studied :;•* work-

ers froa a factory in which PCBs were added to capacitors. Air concentrations

inside the plant previous to the study contained PCBs exceeding the allowable

limit of 1.0 rag/m1 by 50-122* in some areas of the plant requiring the installa-

tion of a better exhaust system. Although the industrial hygiene of the plant

had been less than desirable, with at I«MM one case of chluraone and ethers re-

porting rashes or a burning of the i-yes, tlio clinical tests did not ruv»al my

significant health problem. PCB blood levels of the group averaged over 400 ppb

compared to no detectable amounts in the control population, yet thu bilirubin,

alkaline phosphatase, serum protein, albumin, SGPT and immunoglobulins of the

workers were all within normal limits.

Fischbein et al. (1979) have also examined workers employed at a capacitor

plant. In their study, 326 employees wore examined and of these the breakdown

for the duration of exposure was: 10*. had 5 or less years, 20.9% had 5-10 years,

17.5!; had 10-15 years, 11.4% had 15-20 years, 29. tt had 20-25 years and lir. had

greater than 25 years of exposure to PC3s. Of these employees 10.7% had re-

ported rashes and 24.8% had reported a burning sensation of the skin. Upon phy-

sical examination, approximately 40* of the group had some redness, swelling,

dryness or thickening of the skin and 2% had ibnormal secretions from the eye.

Overall, the clinical chemistry of the rmployofis was unremarkable and this

"paucity of abnormal results" was r>otod by the authors. Routine neurologic ex-

aminations also did not reveal any remarkable prevalence of abnormalities.

There was, however, a decrease in tht forced vital capacity of the lungs in 14%

of the workers compared to 5 . *•".. in th< •< rtn.ii population, an unusual f l.uling but

one of unknown significance at tliis time (U.irshaw et al. 1970).



Other studies concerned with employe*? exposure have been adequately discussed

elsewhere (NIOSH 1977, EPA 198U). These discussions reveal that the toxicities

most often found after occupational exposure are related to the dermal changes

discussed and indicate little or no liver injury or other systemic problems.

While these studies indicate that the liver injury seen in animals has not been

correspondingly reflected in humans at the levels of PCB exposure generally en-

countered occupational ly, a study by Alvares md co-work«rs (1977) suggests

these concentrations may indeed increase liver metabolism. The antipyrene

half-life measure-l in fiv« workers exposed to FCBs for at lojst fo'.r years was

two thirds that of the half-life of Mie control group leading to * 50% increase

in antipyrene clearance.

^^ Reports of high cancer r^it^s .nnoiif, Mobil Oil employees at its Paui>Soro, NJ r«-9 finery exposed to FCBs (A. roc lor 1254) have been interpreted as indicative of to

a possible link between PCB exposure and skin (melanoma) or pancreatic cancer

(Bahn et al. 1976). The Mobil study indicated that 6 cancers developed between

1957 and 1975 among 92 research and development and refinery workers exposed for

5 or 6 years in the late 1940's and early 1950's to varying levels of A.roclor

1254. Cf the 8 cancers, 3 wore malignant melanomas and 2 were cancers of the

pancreas. NIOSH said, "This is significantly more skin cancer (melanoma) and

pancreatic cancer than would be expecto-l in a population of this size, based on

the Third National Cancer Survey." However, it is difficult to derive any con-

clusions from this study because of the small numbers of individuals exposed and

the variety of othnr agents to which they we'-e exposed.

It should be noted that Monsanto Co. , in contrast to Mobil Oil, could find no ca-

~ sual relationship between cancel md PCB t-xposure at its plant in Snuget, l l l i -
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nois. The Monsanto study was based on a review of the records of more than 300

current and former employees at the Illinois plant that had been engaged in PCB

production since 1936 (Anon 1976).

Findings of an increased risk of mortality due to malignant melanoma, cancer of

the pancreas, and lung cancer among workers exposed to PCBs was not co-rob-

orated in the study of Brown and Jones, (1981). There -erf no observed deaths

due to malignant melanoma and only 1 observed death from pancreatic cancer, wni-

le 1.89 were expected. Ther'j were seven observed deaths from respiratory system

cancer, whereas 7.69 were expected. There was no total relationship between in-

creasing durations of employment in jobs involving PCB exposure and the risk of

mortality due to cancer or cirrhosis of the liver in the Brown and Jones study.

9.1. Summary of Human Health Effects. The literature on human toxicological

effects on reproduction, birth defects, mutagenicity and general toxicity, has

been reviewed, as well as the literature relevant to human occupational exposure

and accidental poisonings. The following conclusions have been made: PCBs rep-

resent a low, acute, exposure hazard; mutagenic, teratologic, and reproductive

risks are minimal; metabolism in man is likely less aggressive than in rodents;

and the low levels of PCBs generally experienced in the environment pose little

risk and no obvious hazard. However, thure have been reports of PCBs containing

highly toxic contaminants, e.g., polychlorinated dibenzofurans, and the pres-

ence of these contaminants could modify PCB toxicity and the health risks asso-

ciated with exposure.
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10. SUMMARY AND CONCLUSION

Poisons are agents chat can produce adverse effects on a biological system. Ad-

verse effects may vary from an alteration of normal fur;--tion to the destruction

of life. All chemicals are .. jabie ot" .ilti'.ring some function in some organism

at a large enough dose; therefor'-, .ill r.li Miiicul:; '-on Id be defined as poisons.

Because the definition of a poison can be broad and does net describe those cir-

cumscances and conditions under which an adverse effect can be expected to be

produced, a more useful definition of the toxicity of a chemical focuses on

those conditions predicted to develop at likely exposures to the chemical.

Evaluation of experimental evidence and establishment of relevance to man is ne-

cessary before defining risk or hazard to man and the magnitude of that risk or

hazard. Safety is relative and is defined as the probability that a substance

will not produce an unacceptable alteration of normal function under a given set

of specified conditions. The success of predictions of safety depends on th«

types of experiments performed, the adequacy with which they have been

performed, and, most importantly, the appropriateness of extrapolating from ex-

perimental results to man. To maximize the utility of the data, the toxicity of

the material should be determined under controlled circumstances relevant to de-

fining the minimum conditions m'.cusbary to produce adverse effects.

PCBs can be toxic. PCBs can be used safely under controlled conditions. PCBs

under known conditions of exposure to man, have not, with the exception of overt

poisonings, produced significant adverse health effects. The literature of PCB

toxicity in both animals and humans has been reviewed to predict those condi-

tions under which PCBs may be considered poisonous or unsafe. Included in the

literature review were studios on reproduction, birth defects, mutagenicity,
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carcinogen icity. a;id general systomir. toxicity. In addition, the lit»>rj uro w is

reviewed for data relevant to human occupational exposure and accidental poison-

ings. Analysis of published animal data leads to the conclusion that, in ani-

mals, pure PCBs represent a low acute exposure hazard, that mutagenic,

teratogenic and reproductive risks are minimal, ind that the carcinogenic poten-

tial of this compound has not been convincingly demonstrated in an animal model

relevant to man.

The metabolism of PCBs ir. man is much IPSS aggressive than in rodents, therefore

bioactivation models proposed as explaining chronic toxicities in rodents are

inappropriate to predict similar hazards in man. Analysis of human PCB exposure

and effect data reveals 3 spectrum of toxicities fairly consistent with those

induced in animal tests. Acute human exposures have not produced the signifi-

cant liver damage seen in chronic exposures of rodents, aa evidenced by the

Yusho incident. Human occupational epidemiology studies with substantial num-

bers of exposed workers indicate minimal systemic toxicity and no increase in

cancer incidence. PCBs represent no unusual hazard when compared to many

"safe" chemicals with the exception of ch lor acne and adverse dermal responses.

Human exposure to the PCBa that are generally present in the environment is ac

much lower levels and/or for shorter periods of time than those exposures

documented for Yusho or in capacitor pl.mts. Therefore, it is concluded that

low levels of PCBs pose little risk and no obvious hazard.

The chemical analyses of PCPs have shown that they often contain polychlori-

nated dibenzofurans (PCDFs) at low levels. The concentrations of these toxic

contaminants are generally in the parts-per-million range in pure PCB mix-

tures, but percent of contamination ran be substantially increased as a result
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of industrial use. Since levels of PC3s generally found in the environment

are in the parts-per-million range or lower, the concomitant concentrations of

PCDFs would be expected to be immeasurable. For this reason and because the

toxicity data of all PCBs exposures have probably included this contaminant,

the concern for low level exposures to PCDFs is still expected to be minimal.

Although the presence of these contaminants could modify the toxicity of PCBs

and the health risks associated with exposure, their expected low levels

should represent no unusual hazard.
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Table 1

ISOMERS OF PCBs

i Chlorines

1

2

3

1

5

6

7

0

9

10

Chlorobiphenyl

•ono

di

tri

tetra

penta

hexa

hepta

octo

nova

deca

j isoAters

3

12

21

12

16

12 >

21

12

3

1

Molecular
Weight

180.7

223.1

257.6

292.0

326.1

360.9

395.3

129.7

163.1

190.5

X Chlorine
by We 19(11

18.79

31 .77

11.30

16.56

51.30

53.94

62 71

65.98

68.73

71.78

Adapted fro* Huri^inger et •!., 1971, NIOSH 1977 and (ARC 1970.



T a b l e ?
PHYSICAL PROPFRTIFS OF COMMERCIAL PCBs

= -.-. r-r-i:-----=----r- = -_ - = -------r-r---

Propcrty 1221

Appearance clear,
mob Me oil

Specific Cravitv 1.18
« ?5"C

P i s t i l lation 270-320
•'tange (°C)

Vapor i zat inn
Rate at 100°C
(mij/cmJ/hr) 1 . 7'i

-or-
5 loss e
100°C/6 hr

Water Solubi 1 i ty
at 25CC (ug/1)

AROCLORS*

1016 12'<2 125U 1260 '?68

clear. clear. light yellow, sticky resins sticky resins
mobile oil mobile oil thick oil

1.36 1.38 1.50 1.57 1.61

J?3-356 3?5-366 365-390 385-««20 4I35-150

O.J«4 0.05

0-0.?% 0-0. 1% 0-0. IS

O.M —— ——

* Trademark of Monsanto
Adapted from Hu:tzinger et a I 197H, NIOSH 1977 and IARC 1978
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Table 3
END USES OF AKOCLORS* BY TYPl

ln<J i'ic- 1016 1221 1232 12U? 12'»fl

Current

- , j ( 3 C i t o r s
transformers

I c > i me i

neai

f / l ;•-!
• .01 n nl it ' I mils
..•»«. iMiin I'niiii . .

- 1 1 .11 ni i s& i on Uirb i i.es

M ir i ̂
• i . 0 L I; i •

Carbonless,

Ml s,co i laneou:
'.'inesivev
• :**. txtenlers
uedustii.o -'.'
llll-S
.'t t lf>9 >!•'••

I'eviiciUt ! • ic-fiflers

1 1 oof (iia rl- of Mor santu
from 'i.ir t j inger «t ai 1V7L :AhC 1976

1260 1262 1266



Table 4

PCBs IN FOOD

of samples with PCBs

Products 1973 1974 1975
Maximal

Concentration (ppm)

Fish
Milk

Cheese
Feed Components
Animal Feed
Processed Fruit
Baby Food
Meats, Poultry

60.4
2.2
1.1
0.9

12.7
7.2
4.5
1.1
1.9

44.0
2.6
4.2
2.6
0.0
C.O
0.0
0.0
1.2

17.8
0.7
0.0
0.0
0.3
0.0
0.0
0.0
0.3

123.0
2.3

11.0
2.8
9.0

199.5
19.2

trjce
5 ppm

Adapted from Jelinek and Corneliussen 19/6



Table 5

TOXICITY RATING CHART

Probable Oral Lethal Dose for Humans-'

Rating Animal LD-. Expected Human Dose50

1. Nontoxic 15,000 mg/kg > 1 Quart
2. Weakly Toxic 5,000-15,000 mg/kg 1 Pint-1 Quart
3. Moderately Toxic 500-5,000 mg/kg I Ounce-1 Pint
4. Toxic 50-500 mg/kg 1 Teaspoon-1 Ounce
5. Extremely Toxic 5-50 mg/kg 7 Drops-1 Teaspoon
6. Supertoxic > 5 mg/kg Less Than 7 Drops

* Average Adult of 70 kg
Adapted from Doull et al. 1980.



Table 6

ACTUAL TOXICITY AND THE TOXICITY RATING CHART

OF SOME SELECTED CHEMICALS

Agents Animal LO50 Expected Human Dose*

PCBs
Alcohol
Table salt
Iron
DOT
Strychnine
Nicotine
TCDD
Botulinus toxin

14,000 mg/kg
10,000 mg/kg
4,000 mg/kg
1,500 mg/kg
100
2
1
0.001
0.00001

1 Quart
1 Pint-I Quart
1 Pint
1 Ounce-1 Pint
1 Teaspoon-1 Ounce
4 Drops
1 Drop
Less Than 1 Drop
Less Than 1 Drop

* Average Adult of 70 kg
Adapted from Doull et al. 1980.
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Table 7

CtNLRAL SYMPTOMS OF "YUSMO" PATIENTS

Subjective Sy*pto*s Objective Symptoms C l i n i c a I Re&ults

1. General Fatigue

2. Headache

3. Abdoalnal pains
U. Nuaibness or pain of the linbs

5. Swelling and pain in the joints
6. Cough and sputu*
7. Cnanges in menstruation

Adapted fro« Kuratsune 1976

1. Bronchitis-1 ike

2. Sensory neuropathy

3. Bursitis
it. Inhibition of growth

in chiIdren

5. Saia I I for date babies

6. Acneform eruptions on skin.

7. Increa&cd pigmentation of
gingiva, skin and nai ls .

8. Discharge from meiboa)ian
glands.

9. Cdeaia of face and eyes

10. Liver enlargement

1. High PC8 Concentration
in Tat and blood.

2. Increase of seruai
neutraI I ipids.

3. Anemia

14. Reduced conduction velocity
or sensory nerves.

3. AdrenocoiticaI hypofunction.



Teble «
TUMOR IGEN 1C EFFECTS OF PCB't

AUTHORS
:==sxs=s=====:

YEAR SPECIES COMPOUND, DOSAGE EFFECTS

I 10 fel fl-

Ximbronqn e_i ej..

Nagasaki £1 fj..

Nagasaki e_i aj..

Kinura fc Baba

£ al..

Kimbrough e\ aj..

Wabsermann e_j aj..

Kimura el B±.

Al len fc Norbach

1973

197«l

197t|

1975

19/3

19/5

197fl

1976

1973

A l i e n Ic Ablahamson 1973

Kitnbrough fc Linder 1977

Nagasaki ej aj. 1972

Kerkv i ie t fc Kiawldorf

Uo si al. 197««

Burse «H »L-
Kimbruugh g.i aj. 197?

Mice

Mice

Mice

Mice

R a t s

P.! IS

K a I s ( F )

n a t s ( f )

ft/it s

Rhesus Monkeys

Hats

Mice

MicB(M)

Hats

Rats
R a t s ( M )

Rats(M k F)

Kanechior-500 In diet
300 pp»/12 •

Aroclor

kaiiechlor-300 *>00 ppm/
Q -H.iC 250 ppm/2'i wk

Kancchlor-SuO TOO ppm
* a -BMC 50 ppw

Penta- tctra- or trichioro-
bi phony Is, 100. 2'j(),
500 ppm Tor 2'l wk

Centa- and let ra-ch loro-
biphcnyl 100 ppm •» 50
ppm a-UHC

Kanechlor-iiOO ( 1000-
1500 mg — the total
for '(00 days)

Kanechlor-500

Arorlor 1260
100 pp»/21/ra

Aroclor 125<i
200 ppm/25 m

I'CB'S

Aroclor 12148 300 «g/kg
PCS's 5000 ng/kg

Aroclor 12H8. 125«i. 1262

Aroclor 125'!

kanechlor 500

Aroclor 12514

Kanechlor 500. 1400, 300

Aroclor 12'4?. 1016

Aroclor 1260. 1251
20-IOuO ppm

Nodular hype ip las ias and we l l d i f ferent iated
hepatocellular carcinomas in the l iver

Addit ive of care inogenes i s by a-(jiiC and

llepatomas and artenof ibrosi s

32 wk HeopUstic changes in l iver
32 wk Ncop las t ic c/ianoes in l iver
32 wk Neoplastic cnangas in liver

Livur tumorigcncsis in higher incidence at
higher dose rates.

Liver tumor lyrnos i s ofa-ll l lC was promoted
a lso by pure chlor inated biphenyls.

Neoplastic nodules cl.aiige in 6/10 fcm.ilcs arid
O/10 males .

Inhibi ted the induction of l iver tumors by
several l iver carcinogens.

llopatocel lular cnrc inomas 26/1814
llypurplasi ic nodules I'i6/I8i4
AdenofIbrosi s
Mepa toce I l u I a r .idenomas.

Anti-promoters in experimental careinogenesis.

Hyperplasia ar,d d y s p i a s i a of gastr ic mucosa
wi th invasion of adjacent t issues.

Hypertropy - regrussivc changes

Regression of hcpatci.ios

Male hcpatomas CiOO * 300 Negat ive)

Inhibited Walker I'^o c a re i nosa rcomd

Nodular hyperplas to. cho lang io f tb ros is

Liver eel I nee t o s i s

1251* more pronounced contaminater d i benzol uron
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Oncogen

Carcinogen

Teratogen

Mutagen

kg

g

•g

Kg

ng

1

•'

nmol

lag/a* of PCB

NIOSH

NCI

EPA

I ARC

GLOSSARY OF TERMS

see page 28

see page 29

agent causing abnormal development of embryo or fetus

any change in the character of the gene that is perpetuated

in subsequent cell divisions

kilogram (2.2 pounds)

gram (1/1,000 of a kilogram)

milligram (1/1,000 of a gram)

microgram (1/1.000,000 of a gram)

nanogram (1/1,000,000,000 of a gram)

liter (0.91 quarts)

cubic meter (of air)

nanomoles (1/1,000,000,000 of a mole of a substance)

approximately equals 0.0815 ppm (assuming a molecular

weight of 300)

National Institute of Occupational Safety and Health

National Cancer Institute

Environmental Protection Agency

International Agency for Research on Cancer
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